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1. Prediction by Numerical Methods of Self-Sustained Oscillations in
a Two-Axis Model of the Nonlinear Continuous-Data LST System

1-1. Introduction

4t has been demonstrated in [1] that the methods of continuous
and discrete describing function analysis can be applied to predict
the existence of self-sustained oscillations in the single-axis model
of the LST system with nonlinear CMG friction characteristics.
Furthermorg,gﬁt has been shown in [2] that the stability equations
as a resultyof the describing function analysis may be solved by a
numerica]-itérative technique instead of the usual graphical methods.
With an appropriate guess of the initial condition, the numerical
method is found to be quite effective in leading to a convergent solution
rapidly.

In the two-axis model of the LST system, the system contains
two nonlinearities, and the general form of the stability equation in

the continuous-data case is
1+ By (JuIN(A) + Go(dwIN?(A) = 0 (1-1)

where_aB(jm) and ac(jm) denote transfer functions which depend on the
linear elements of the coupled systems, and N{A)} represents the describing
function of the CMG nonlinearity. In general, aB(jm) and ac(jw) are
functions of frequency w, and N{A} is a function of the amplitude A of

the assumed sinusoidal input to the ﬁonlinearity.

The usual graphical method cannot be used to solve for the values



of w and A for self-sustained oscillations in Eq. (1-1), due to the
NZ(A) term in the equation. However, if the system parameters are

such that the linear term EB(jm)N(A) dominates over the guadratic

term, or vice versa, then by neglecting the smaller quantity in Eg. (1-1),
an approximate solution may still be obtained graphically.

% direct but more time consuming approach of solving Eq. (1-1) would
be to calculate the terms in Eq. (1-1) for a wide range of values of w
and A until all combinations which satisfy the equation are found.

Still*a third alternative of solving Eq. (1-1) is to use the
numerica]-ité}ative method reported in {2]. If an appropriate initial
guess can.bé made, the numerical-iterative method should Tead to the
exact solutions in an efficient manner.

A1l three of the above-mentioned methods have been appiied to the
two-axis continuous-data LST system. It js found that the graphical
method with approximation and the direct method can provide useful
information to the final solutions, and the numerical-iterative method

is effective in arriving at the exact solution on a digital computer.

The results of these studies are reported in the ensueing sections.

1-2. The Continuous-Data Two-Axis LST System Model and Its Stability
Equation

Figure 1-1 Shows the signal flow graph representation of the
continuous-data single-axis LST system. The nonlinear friction of the
CMG is modeled by the branch with the gain N. If two such models are
coupled together at the output stage through output torsional coupling,
the two-axis model of Fig. 1-2 results. This representation of a

continucus-data two axis LST system may not be a rigorous one from the
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Figure 1-1. The simplified single-axis continuous-data
LST system model.
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Figure 1-2. The simplified two-axis continuous-data LST system model.



structural standpoint. However, the purpose of the present study is to

develop analytical techniques which are applicable to multi-coupled
nontinear s&stems. It is conjectured that for a two-axis nonlinear
system, the describing function analysis will generally lead to a
stability equation of the form of Eq. (1-1). Therefore, for these
above-Tentioned reasons, the model shown in Fig. 1-2 is considered to
be adequate. The techniques developed in this report can be applied
to the prediction of self-sustained oscillations in any continuous-
data two—axfg nonlinear system that is amenable to the describing
function metﬁgd.

With &eference to Fig. 1-2, it can be seen that there are seven

individual loops, with the following Toop gains:

NG
- _ 3
Ay = -5
NG
]
A2 T T s
By = - G55
B, = ~ G0,
Cy = - 66,6,6,H
C, = - Gy6,6,6,H
22
D = K5Gq

(1-2)

(1-3)

where G1, GZ’ G3, and G4 are transfer functions as defined in Fig. 1-2.

A1l system parameters and variables, including the nonlinear describing



function N, are consistent with those defined in the single-axis LST
model reported previously [1,2]. The describing function N(A) is a
function of the amplitude of the input sinusoid of the CMG nonlinearities.
In the present case, since the two axes are identical, and the couplings
are symmetric, it is assumed that the amplitudes of the input signals

at thé‘two nonlinearities are identical.

The characteristic equation of the coupled system in Fig. 1-2 is
A= O (]-9)

where

> -
l

+ C, + C2 + D)

1 2

=1 - (A1.+ Az + B, +8B 1

+ (AlA2 + A B2 + A1C + A.D+B,A, + B.B, + B 02 + B1D

1 2 1 172 172 1

+ C1A2 + CTBE + c]c2 + AZD + BZD)

- (A1A2D + A]BZD + B]AZD + BlBZD) (1-10)

The last equation is simplified if we define

=
]

=
]

=

5 ' (1-11)

Then, Eq. (1-10) becomes

2

A=1-2(A+B+C)-D+ (A% +B% + %+ 2AB + 2AC + 2BC

+ 280 + 28D) - (A + B)%D (1-12)

or



A=1-2(A+B+C)-D+(A+B+ c)2 - (A + B)ZD

Substituting Egs. (1-2) through (1-8) in Eq. (1-13) yields

ZG3N
s

202
+ 28263 + ZG]GZG3G4H - KZG4

¥ Gg > 22
" ;§-N + 6585 + (6

NG, 62

2 263
16,636,H)7 + —==

NG, 6,626, H

2,2
2NG 62K
— 1238 4 2660656, - —2F

2
3%4

i

2.2.2,2 2.2
NG G4K2 ) 2NGZG3G4K
pd 5

: 2
- 2,2 ?
I [ 2G263G4K2 -

2

3

S
2.2,2,2

- GEG3G4K2

The characteristic equation in Eq. {1-9) can be written as

_ 2 _
g =1+ GA + GBN + GCN = 0
where
_ 2.2 2.2 2
GA = 2G2G3 + ZG]G26364H - K264 + 6263 + (G]GZG3G4H)
2.2 2,2 2.2.2,.2
+ 261626364H - ZGZG3G4K2 - GZG3G4K2
2 2 2,2
o - 2G3 + 262G3 . 281626364H _ EG3G4K2
B 5 5 5 s
2,22
) ZGZG3G4K2
s

{(1-13)

(1-14)

(1-15)

(1-16)

(1-17)



(1-18)

For stability analysis, the characteristic equation of Eq. (1-15)

is written as

Y+ EBN + ECNZ = 0 (1-19)
where

A~ :TG

.-__~B -
8T T+6, (1-20)

3

~ _ C _
6. = 7% e, | (1-21)

Equation (1-19) is a function of the system frequency w and the.
input amplitude A. Since this equation is defined in the complex
plane, it represents a set of two nonlinear equations with two unknowns.
When these nonlinear equations have a solution for w and A, it represents
a condition of self-sustained oscillations for the system. The oscillations
may'be stable or unstable; therefore, the solutions must always be
checked for stability.

1-3. 'Prediction of Self-Sustained Oscillations By The Approximation
Method

It was mentioned in Sec. 1-1 that the graphical method of predicting
self-sustained oscillations can still be applied to the two-axis LST

system if one of the last two terms in Eq. (1-1) can be neglected. 1In



other words, the following two conditions may exist:
1. [GglduN(A) | >> |G (JuIN?(A)]

Then Eq. (1-1) may be approximated by

1+ EB(jm)N(A) = 0 (1-22)

¥
and the condition of self-sustained oscillations is found from

the following equation:

Bglu) = - Ay | (1-23)

2. |&;(GuIN(A)| << |6 (3uIN(A) |

Then Eq. (1-1) is approximated by

1+ Ge(ju)N(A) = 0 (1-28)

and the condition of self-sustained oscillations is found from

6 (dw) = - 52— (1-25)

Therefore, the graphical solutions involve the plotting of the
curves for EB(jm) and - 1/N(A), or ac(jw) and -I/NZ(A), as the case
may be.

Figure 1-3 111ﬁstrates the plots of |EB(jm)N(A)| and Iac(jm)Nz(A)l
versus w for various values of A, and |N(A}| versus A. The following

parameters are used for the LST system:

J, = 107, J. = 2.1, K. =216 , K

o 1= 9700
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600 , Ky = 5758.35 , K1 = 1371.02 , Ky = 100 , K3

1.38 x 10

Y

The last two parameters, K2 and K3 are the coefficients of coupling
between the two axes.

The curves in Fig. 1-3 give information on the ranges of w and
A in which the approximation of Eq. (1-22} or Eq. (1-24) is valid.
Figure 1-4 illustrates the regions in the w versus A plane in which the
two approximgtions are valid. The cross-hatched area represents the
region in whfth no approximation can be made, and the graphical method
cannot be used. The criterion of >20 db and <-20 db is used for
magnitude)comparison for significance.

The results of Fig. 1-4 show that the graphical approximatidn
method is valid for the following ranges of w and A:

1. use 1+ ECNZ = 0

A <10

w < 40 rad/sec

and 60 < w < 80 rad/sec

2. Use 1 + §BN =0

A>6 x 107° "~ w > 600 rad/sec.

For the region of validity bf case 1 above, Fig. 1-5 shows the
plots of éc and -1/N2. The heavy portions of the curves indicate the
parts which are valid for stability amalysis. Similarly, Fig. 1-6
shows the case when the equation 1 + aBN = 0 may be used for approxi-
mation. Again, the intersection between the heavy portions of the 68

and the -1/N curves would indicate the possibility of self-sustained

oscillation in the two-axis LST system. Since there are no intersections

1
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between the valid curves in Figs. 1-5 and 1-6, the system under study

is stable for the parameter values used. This result will be sub-
stantiated by'the two other methods whiéh are discussed in the following
sections. |

1;4. A Direct Method of Predicting Self-Sustained Oscillations in
The Two-Axis LST System

A direct but time-consuming method of predicting self-sustained
oscillations in the two-axis continuous-data LST system is to calculate
all the terﬁizin the following stability equation for a wide range of

»

values of m'and A:
i

~

1+ G, (5u)N(A) + ac(jw)Nz(A) -0 (1-26)

B

Although the direct method would be quite tedious, and it is
possible that with a given selected increment of variation for the
values of w and A, the solution runs may still miss the exact solutions,
the results in general will give insight to the appropriate guess on
the initial values for the numerical-iteration method. Theﬁefore, it
is enlightening to investigate this direct approach at this point.

Figures 1-7 through 1-9 show the plots of Gy(Jw)N(A) + Ge{iw)N(A)

for y = 1.38 x 10

, and all the system parameters as given previously,

and for three different sets of values for the coupling coefficients

K2 and K3. Note that for the three cases illustrated, all the trajéctories
for various combinations of A and w do not intersect the c¢ritical point
which is at 0 db and -180 degrees. Thus the system is stable. However,

the results show that as the value of K2 is decreased, the trajectories
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get closer to the critical point. Figure 1-10 shows the trajectories
when K2 = (0.1 and K3 = 0.1. It is noticed that several trajectories

are very close to the critical point. Figure 1-11 shows a magnified
version of Fig. 1-10 around the critical point. The figure shows that
the trajectories for A =5 x 10-6, ]0—6, 5 x 10_6, are all very close to
the critical point. This gives indications that there may be more than
one solution. It will be shown in the next section by the numerical-
iterative method that there are indeed two solutions for the stability
equation. Oqe is at A = 5.9867 x 10'7 and w = 1.88 rad/sec, and the

6

other is at A = 5.07397 x 10"" and w = 4.1086 rad/sec. These solutions

must still be checked for stable or unstable equilibrium solutions.

1-5. Exact Solution of the Stability Equation by Numerical-Iterative
Techniques

In this section the stability equation developed in 5Sec. 1-2 is
solved numerically for its exact solutions. The numerical method
utilized has been described in [2] and is found to be quite effective
for the two-axis LST system.

The stability equation, Eq. (1-19), can be written as

19

1+ Gy(JuIN(A) + G (jwIN*(A) = O (1-27)
Define

Gy(dw) = Goy + d6y (1-28)

6c(3u) = Goy + 36y, (1-29)

N(A} = Nep * jN“ . (1-30)
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V() - Np2 * 3Ny,

where GRI’ GI]’ GRZ’ GIZ’ NR]’ NI]’ NRZ’ and N12 are all real
quantities.
If Egs. (1-28) through (1-31) are substituted into Eq. (1-27),

it becomes
1+ (Bpy + 3Gy Mgy +3Npp) + (Bpy + 3Gy, )Ny + GNp,) = 0

When the real and imaginary parts are separated, Eq. {1-32) yields

¥

A= ag + 36 =0
with

Bp = 1 ¥ GryNgy — GpqlNpy * Gpolgy = BNy, = 0
and

by = GpiNpy + BNy * GypNpy + Gpolipp = 0

Further simplification is possible in Egs. (1-34} and {1-35)
. . . . 2 .
if we recognize that NR2 + JNI2 = (NRI + JNI]) but is not necessary
since the solution of Eqs. {1-34) and (1-35) will be performed on a
digital computer.

Equations (1-33) and (1-34) represent two equations in the two

variables w and A. As before [2], let us define

22

(1-31)

(1-32)

(1-33)

(1-34)

(1-35)

(1-36)
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F= (1-37)

Then, Eqs. (1-34) and (1-35) can be written as
F(x) = 0 ©(1-38)

The Newton-type gquadratically convergent numerical method
described in [2] can now be directly applied to this two-variable
system. .

To inié?ate the iterations, an initial solution is needed. The
results of %he direct calculation method, presented {n the previous
section provide an adequate initial solution. As in that section, the
parameters which need to be varied are K2 and K3. Once a solution for
a given value of K2 and K3 is known, K2 and/or K3 could be changed
slightly and the new solution is obtained by using the old solution
as the initial guess for the new system.

With K2 and K3 set to very small values, the system is decoup1ed;
and the solution of the single-axis LST system could be used as an
initial guess for that of the two-axis LST system.

If K2 = 0.1 and K3 = 0.1, the results from the direct calculation
method shown in Figs. 1-10 and 1-11 indicate that two possibie solutions

exist. The approximate amplitudes and frequencies of the solutions are

Solution No. 1 w = 5 rad/sec
A=5x10"° rad

Solution ﬁo. 2 ‘ w = 2 rad/sec
A=1x10" rad



With these approximate solutions as initial conditions, the resuits
of the numerical iteration procedure are obtained and tabulated in the
first set of iterations in Fig. 1-12 and Fig. 1-13. These iterations

indicate that the actual solutions are

Solution No. 1 w= 4.1086 rad/sec
A = 5.0739 x 107° yad
Solution No. 2 w = 1.88 rad/sec
A=5.99 x 107 rad

Figures 1-12 and 1-13 also show the change in the solutions when

Y
K2 and K3 are reduced to K2 = K3 3

As mentionea previously, the initial guess for a new set of values of

= (.01 and K2 =K

K2 and K3 is the solution with the previous values of K2 and K3.

With K, fixed at 0.001, if K2 is increased (Figs. 1-14 and 1-15),

3
the so]utions will change, until K2 = 8 for solution no. 1 and K2 =7
for solution no. 2, beyond which no solution is obtained. It is
interesting to note that the two solutions move closer together with
increasing K2 and almost merge into each other before disappearing
altogether. The result is analogous to Towering the G(jw) curve or
raising the -1/N curve in the single-axis case.

It can be concluded that for K3 = 0.001, K2 shéu]d be less than
8 for a sustained oscillation to occur. In fact, with K2 = 8 (solution
1} and K2 = 7 (solution 2) the roots of the stability equations do not
appear to have converged adequately, and well defined roots occur only
for lower vafues of K2. A maximum of 20 iterations are attempted before

the numerical process is terminated.

If K; is kept fixed at 0.2 and K, is varied, the iterations in

= 0.001, respectively.

24
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Figs. 1-16 and 1-17 show that K2 can be increased only up to K2 =3
for solutions to be obtained.

On the other hand, K2 can be kept fixed and K, varied; these results

3
are shown in Figs. 1-18 through 1-25. 1In Figs. 1-18 and 1-19 K, is

2
fixed at 0.001, and the maximum value of Ky for a solution to the stability
equation is approximately K3 = 0.4 for solution no. 1 and Ky = 0.3 for
solution no. 2. MWith K2 = 0.7, 1.0 and 5.0, the maximum values of K3 are
0.4 {solution 1 and 2), 0.3 (solution 1 and 2) and <0.1 (solution 1 and 2),
respectivelf? These results are shown in Figs. 1-20 through 1-25.

Table 111 summarizes all the results. In the table, the solutions
for K2 = K3£= 0 are the solutions with the single-axis LST system. It is
seen that when K2 and K3 are very small, the sclutions of the two-axis
system approach those of the single-axis system.

The data in Table 1-1 can be used to plot the region in the K2 - K3
plane in which sustained oscillation can exist. Figure 1-26 shows this
region. For values of K2 and K3 outside the crosshatched area, no
sustained oscillations should exist.

The motion of the roots with variable K2 and K3 are plotted in
Fig. 1-27, using the data in Table 1-1. The points marked K2 = 0,

K3 = 0, represent the single-axis LST system solutions. The solid closed
regions represent the regions of root movements where reliable convergence
was obtained. The dotted lines include the regions where‘reliabie
convergence of the iterative scheme was not obtained with 20 iterations,
and, which can be considered as a boundary area between existence and non-

existence of solutions. Note that in Fig. 1-27 the two solutions are

farthest apart when K2 = K3 = 0. Figure 1-27 also shows how the two



solutions tend to merge just before the solutions disappear.
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Table 1-1
ROOT #1 ROOT #2

) , | FREQUENCY | AMPLITUDE | FREQUENCY | AMPLITUDE
0.1 | 0.1 4.1 5.07 x 1070 1.8 5.99 x 107/
0.01 | 0.0] 4.26 5.52 x 107° 1.76 4.58 x 1077
0.001 | 0.001 | 4.27 5.56 x 107° 1.75 4.45 x 1077
0.0 | 0.0 4.27 5.57 x 1070 1.75 4.45 x 1077
0.0 | 0.001 | 4.27 5.57 x 107° 1.75 4.46 x 107
0.1 | 0.00%| 4.28 5.55 x 107° 1.79 4.59 x 1077
1.0 | 0.001 | 4.3 5.24 x 107 2.11 5.79 x 107
2.0 | 0.001 | 4.34 2.91 x 107° 2.43 7.17 x 1077
3.0 | o0.001 | 4.36 4.56 x 1070 2.73 8.69 x 1077
4.0 | 0.001 | 4.38 4.20 x 1078 3.0] 1.04 x 107
5.0 0.001 4.37 3.81 x 1070 3.29 1.25 x 107°
6.0 | 0.001 | 4.3 3.35 x 1070 3.58 1.53 x 1070
7.0 | 0.001 | 4.19 2.6 x 107° 3.97%% | 2,06 x 107 0%
8.0 | 0.00] 3.95%¢ | 1,50 x 107 O% - -
1.0 | 0.001 | 4.31 5.24 x 107° 2.1 5.79 x 107
1.0 | 0.01 4.29 5.19 x 1070 2.23 5.93 x 1077
1.0 | 0.1 4.13 4.74 x 1078 2.12 7.71 x 1077
1.0 | 0.2 3.9 4.18 x 1070 2.39 1.03 x 1070
1.0 | 0.3 3.62 3.47 x 107° 2.62 1.43 x 1076
1.0 | o0.4 - - 3.2%% | 2.57 x 107 0%
5.0 [ 0.001 | 4.37 3.81 x 107° 3.29 1.25 = 10°
5.0 | 0.01 4.34 3.72 x 107° 3.31 1.30 x 10°
5.0 | 0.1 5.46%% | 7.13 x 10 04% | 3.75%% | 2.25 x 100
1.0 | o0.2 3.91 4.17 x 107° 2.39 1.04 % 107
2.0 | 0.2 3.85 3.64 x 1070 2.79 1.37 x 1070
3.0 | 0.2 3.69 2.86 x 1070 3.28 1.95 x 1078
0.001 | 0.001 | 4.27 5.57 x 1075 1.75 4.45 x 1077
0.001 | 0.01 4.26 5.54 x 1070 1.76 4.56 x 1077

27



Table 1-1 (cont'd)

ROOT #1 ROOT #2

K, K, | FREQUENCY | AMPLITUDE | FREQUENCY |  AMPLITUDE
0.001 | 0.1 4.1 5.12 x 1070 1.84 5.79 x 1077
0.001 | 0.2 3.92 4.63 x 1070 1.95 7.52 x 1077
0.001 | 0.3 3.7 4.08 x 107° 2.1 9.82 x 107/
0.001 | 0.4 3.41 3.42 x 107° - -
0.001 | 0.5% 2.94%% | 2.39 x 1070 - -
0.1 |01 M| 4. 5.08 x 107° 1.88 5.98 x 1077
0.1 0.2, | 3.92 |4.5 x107°® 2.0 7.79 x 1077
0.1 | 0.3 3.7 4.03 x 107° 2.15 1.02 x 107°
0.1 | 0.4 3.40 3.34 x 107° 2.38 1.39 x 107°
0.1 | 0.5 - - 2.82%% | 2,22 x 1070

** Solution did not

reliabie.

converge in 20 iterations and is not considered
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LET SWSTEM-HUMERICAL SOLUTION OF 1+MeGl+NeNeze=0.

GAMMA= 1.330
"KP= 2.15000D
Ki= 1.37102D

ITERATION

LW~ A0~

HD= 1§

0on 0¥ TO=

ne - kKI= 2.74000D
0z K= 1.00000D-01

FREQUENCY
0.4733762572D 01

0.45265625840 01

0.4121:3
0.41115734500 01
0.4125227282D 0l
0.411542:34370 01
0.41044535760 01
0.4103951 4SS (1
0.41 087765630 01

FREQUENCY= 4.10860D O0URAD~-SEC

1.000000-01

k3=

AMFLITUDE
G.5000004000D-05
0.343207124590-05
0.3454233473D-05
0.5300155360~0%
0,3253907523D0-05
0.5183187V232D-05
0.S1320002S5D~ 05
0.5100130231D-05
0.SOR0565473D-05
g.5mel127720D=-03
0.5118020500D-0%

LE0994372520-05
N.SO7S1SAFFOD-095
0.5075S030333D-03
0.5074449931D0-03

"AMPLITUDE=

LST TYSTEM~NUMERICAL SOLUTION OF 1+MNeGl+NeNeG2=0.

KP= 2.15000D
Ki= 1.37102D

ITERATION

M Wi o

GAMMA= 1.3S0000 OF TO= 1.000000-01 M= 1 .00000D 0%
0z KI= 2.70000D 02 H= &.00000Q0 02
03 kKe= 1.00060D-02 (2= 1.000400D~02

FREGUEMLCY RMPLITLUIE
N.41625272020 01 0.5072958584L-03
n.4ik2520145D 01 n.524228223600-03
0,42055317350 01 0.5264353532D0~05
0,4326335066D 01 0.5422853787 =03
0.42373z8472D 01 0.547 0682551 D-05
0.4z44503200D 01 0.54327648530-05
0.4Z4n7z12EeDd 01 0.5477545295D-05
0.425329852ED 01 0.55110287500-0%
0.425322185620 01 0.55175402458D-05
0,.42532572182D 01 0.5522607320D-05
0.42E2E36521D 01 0.55205282200-05
0.42552520060 01 0,.35124774520-03
0.42552484710 01 0.3316833656D~05

ND= 1

FREGUEHNCY= 4.25%22D GORAD-SEC

LST SYSTEM-HUMERICAL SOLUTION OF i1+MeGl+MeHeB2=0.

GAMMA= 1 .3220000 07 TO=
KP= 2.16000D 02
Ki= 1.371020 02

ITERATION

SO PO e O

k&=

FREQUENCY
f.4255217524D 01
0.425057R424D0 01
0.425553242160 01
0,4252612070D 01
D.4261246964D0 11
042665934530 01
0,4269530%440 01
0.42690423180 01

FREQUEMCY= 4,.2620z2D O00RAD~-ZEC

1.080G00-01
EI= 9,7Q000D 03
1.00000D-03

AMPL I TUTE
0.55211454350-05
0.55457952120-05
0, 5227239595 5D- 05
0.542 065755220~ 05
N.54965176£300-05
0.,55261355090-05
D.SS57E 35647 0-05

0.55615457390-03

Figure 1-12.

dv= 1. 0060oeD 09
oz H= &.00000Dp 02
1.00000D-01

5.07397D-08

AMPLITUDE= 5.55114D-04

QY= 1.000400D 05
H= s.00000D0 02
K3= 1.00000D-03

AMFLITUDE= 5.56645D-06

29

Jdiz= 2.100000 00
Ko= 5.75835D 03

J5z= 2.10000D 00
Ko= 35,75835D0 03

MIT= 1&
Je= g.100G0D 04
ko= 5.7S5335D 03

NIT= 7~
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LET EwSTEM-MUMERICAL SCLUTIOM OF 1+HeSl+MNeMenZ=0,
GAMMA= 1 ,.22000D 07 TD- 1.000000-01 Jy= o 1.,a00000 QS JE= 2.10000D Q0
KP= 2 150000 02 KI= S.,70000D 0= H= £.000000 02 K0= S5.75325D 03
Ki= 1.37102D 63 o= 1..000000-01 k3= 1.000000-01
ITERATION FREDLIEMCY AMFLITUDE
Y] U cooUoanoaond ai D.10000000000—-05 &Qp
t L18492330240 01 052423426 020~ 05 Ck?.ﬁtb
2 0. 1ESSASOSTSD 01 0.52529211700-06 sz CQZ}
3 tr 1,5. 1232270 01 0.S220E2E214D- 05 QQQ@
4 42295450 01 0. SIEESTER0ET~- 06 NS
.5 ﬂ.lBﬂ’ HO=Z210 01 0.53791 32588 0-05 dp!ikﬁ&é
o O.IBEﬂlaﬁﬂllﬂ il 0,5373222024D0- 0k ',e
7 LdE220201242D 01 0,.5956153910D-08
2 D 15“ﬂ3“4° oD 01 3.59267V 055398 D-04

‘ND= 1} FREQUENCY= 1.32042D OOGRAD-ZEC AMPLITULE= S.93812D-07 MIT= 3

LST ZYSTEM-MUMERICAL ZOLUTIOM OF 1+Heizl+MeNenZ=0,

GAMMA= 1.220000 0V TO= {.00000D-01 Y= 1.000000 05 Jdia= 2.1a00000 00
KP= 2.180000 02 FI= 2.700000 03z H= w.000000 02 K= S.785235D 02
kl= 1.271020 02 5 k&= 1.00000D-02 K3= 1.00000D-02 ‘
ITERATIOH FREEQUEMCY AMFLITUDE
0 0.1220421207D 01 N, 59551184040 =-06
i 0.1316575499D 01 0.52047426020~-0E
I D.172V77%9111=D 01 0.42740302Z220-05
2 0.,17740714=20D 41 0. 4720024797 0-06
4 0. lTZF 1ﬂLS JUBNES} 0.464532344LD D:
5 a1 D.4505278
5 a1 0.s 525?-2:34@1' 0
7 01 0.4613377a03D-0A
P 01 Q.a523035232Dh-0k
-9 (1 | N, 4577612065006
10 Gl 0.49211877070-0&

HD= 1 FEERLUENCY= 1.75%63D 00RRD-ZEC AMPLITUDE= 4.5212%0-07 MIT= 10

LET SYETEM-MUMERICAL Z0LUTION OF l1+NeGl+NeMenz=0,

GAMMA= 1{.230000 07 TO= 1.00000D-01 M= aaaoeh 05 o= 2 10400l oo
KF= E.lhnnnn 2 FI= =2,.700000 03 H= &.000000 02 kKi= S.755835D 03
Ki= 1.37102D 032 K= 1.000000-03 K3= 1.00G6000—02
ITEFHTIUH FREQLEMCY AMFLITIUDE

0 0.1vVS9s34012D 01 0.4521286752D-08

1 n 1?94?:’ﬂ”3D 0y N,451528222460-106

e ASSS ni D 4451194314004

2 D iv 4 TI03ID 01 LAZERIZEESIZ0-0E

4 1ﬂ44T55£19D n1 n F40Z17VE 1 040-06

S E 174624835950 N1 0.4422270226D-08

5 N.174717257eD 01 0,3438875252D-08

7 0.17475352250 01 0.44425729220-05

3 0.17472226560 01 0.444870S868 1 D~ 06

M= 1 FREQUENCY= 1.747233D0 GORAD-IEC AMFL ITUDE= 4 .443210-07 NIT= &

~ Figure 1-13.



LET SYSTEM-NUMERICAL SOLUTION OF 14Me31+NeNesZ=

GAMMA= 1 .350000 07 TO= 1.000000-01 Jv= ot .an0a0d 05 JE= Z.to00on 4o
KP= 2.1e000D a2 KlI= a,70000D 032 H= &.00000D 02 k0= S.7S235D 03
Ki= 1.32710&D0 03 kKe= 1.00003D-02 3= 1.000000-03
ITERRTION FREGLIEMCY HMFLITUIDE

0 0.42630237e3D 01 N.55%654432500-05

1 0.4942504320902D 01 0.5552341172D-05

2 0.A4ZETIS3ZecD Nl 0.5553485%2200-05

2 O.42722827V51D 01 H,20634 709928 0-00

4 N,4272S127270 01 0.55717032290-05

b Q.g42727 002200 01 D.55714374310~05

~J

ND= 1 FREQUENCY= 4.27c28cD 00ERD-ZEC AMPLITUDE= 5.5716cl-06 MIT= 5

LST SYSTEM-NUMERICAL ZOLUTION OF 1+NeG1+NeNeGI=0.

BAMMA= 1.320000 OF TO= 1.000000-01 = 1.,000000 0% Je= Z2.taa00p oo
kP= 2.16000D a2 KI= S.70000D0 03 H= s.000000 02 ko= $5.753535D 03
Ki= 1.371020 03~ K&= 1.00000D0~-01 o= 1.,.00000D-03
Y
ITERATION FREZUEMLCY AMPLITUD
0 0.42V22e 04040 01 -.uﬁllri?ﬂea -05
1 0.4377837243D 01 D.59513462630=-03
e d. 4;?593119DD o1 U.SSSD535436D—05
3 0.42754025260 01 0.5545871334D-05
ND= 1  FREGUENCY= 4.27574D 00FAD-SEC AMPLITULDE= S.54232D-08 MIT= 3
LET SYITEM-HUMERICAL ZOLUTION OF 1+MHenl+NeMenz=0
EHMMH= 1.22000D 07 TO= 1.000080-01 Y= 1.006000D0 05 diz= 2.100000 04
KFP= 2.,15000D 02 EI= 2.700000 02 H= . 00cooh 02 KO= S.79825D 02
Kli= 1.? 102D 03 K&= 1.00000D 0o 3= 1.,00000D-03
ITEERTION FEEGUEMLY AMFLITULE
0 2.42757288100 M 0.55429348?4D—DS
1 G.4325225297D 01 0.54216021120-
2 0.422442102el 01 0.52E51 040250~ nq
3 0.4321AZ52307<D (] 1, S30214502110-05
4 0.4312272%9210 1 0.527&7V32022D-05
5 D 421085826230 01 0.525742249200- 05
5 L4302114710D 01 J.5243208255D-05
7 0.430F7E228500 01 0.524578547 5005
e D.42082425615D 01 §.223269042450~05
= Q.4307050453D 01 Q.S237003045D-0%
10 N.4206%932345D 01 0.522891553230-03

ND= 1 FREQUEMCY= 94,30676D 00RAD-ZEC AMFLITUDIE= 35.23633D-05 MIT= 10

Figure 1-14a.



LET EYITEM-NUMERICAL ZOLUTION OF i1+Mezl+NeMeinZ=0.

GAMMA= 1 .330000 O0F TO= t.00000D-01 A= 1.006000 05 - Az= Z.10006h 00
kKP= 210000 02 KI= 3.70000D 0Z H= &.000000 02 Kd= S.753350 02
Kl= 1.37102D 03 K= 1.000000 00 KZ= 1.00000D-03
ITERATION FREGLENCY AMPLITUDE RERR
a 0.430000a0000 01 0.S2000000000—-05 (BHG.QDUCHHL
1 0.43052212350 01 0.S2E2303501D-05 WAL, p, ALY op
= |_| 4_—;!!‘:—‘—2__:51][5 1 0.5=224324230-05 AGEIS THE‘
3 g-r44;?an N 0.5245743728D~05 PUQR
3 i 43&36:4 2D 01 0.52432410135D-05

ND= 1 FREQLUEMCY= 4 ,30565D UfFHDfSEC AMPLITUDE= 5.241230-05 HIT= 4

LET ZYSTEM-MUMERICAL SOLUTION OF 1+NeG1+NeNeG2=0.

FRMMA= 1 .ZE000D OF D= 1.000000-01 Jw'=1.060000D 05 5= 2.,1090000 00
KP= Z2.1&e0000 02 El=s 3.70000D 03 H= &.¢poonoD 02 k0= S.7SE35D 03
Kl= 1.27102D 032 E2= 2.000000 00 KZ= 1.000000-03
ITERARTION FREGUENCY FMPLITUIDE

0 U 42025451930 01 0. 5841250229 D-05

1 LAITEISDGOSD 01 0.51252352136D-05

2 D.4:cuD::4uuD 01 0.50472214120-05

3 0.43433247720 01 0.437E4SESEZD~ 05

] 9.4344?B5389D 01 0.43413132490-05

S 1 0.4324475352 008

iy ol ﬂ.4?1534?6u=D—H=

v 01 0430334 7VER00-
2 o1 0.43055365 EE°D—D=
MD= FREGUEMCY= 4.33210D 00FRARDAZEC AMPLITUDE= 4.90415D-05 HIT= 3

LET :T\TEM-HHMEPIFHL SOLUTION OF 1+Nesl+ieNenz=0,
GAMMA= 1.320000 07 TO= 1.000000-01 J¥= 1.0000G60 05 A= 2100000 A0
KRE= 2180000 02 EI= 23.70000D0 03 H= s.000000 02 K= 5.75=25D 03

Kil= 1.371020 03 V2= J.00000D 0Q K3= 1.00000L-03
ITERAT ION FREEGHIEMCY RMPLITULE

n LAZEZEI00EYEDR 01 0.4904152106=2D-05

1 n 44n, : N1 0.458100321220-05

v 2 01 0.47110323252D~-05

3 01 N.4838201215D-0S

4 01 0. 4539342327 D~ 05

= 01 N.4531578334D~-05

= 01 N.4371772S21D-05

7 2 N1 .45 1331 0SD~0S

2 n 4-c;-‘5491D I N.4542542417D0-05

HD= 1 FREQUENCY= 94.361393D 00RAD-ZEC AMPLITUDE= 4.55%%7D-06 HIT= 3

Figure 1-14b.
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L LET SYSTEM-NUMERICAL ZOLUTION OF 1+NeG1+NeNesZ=q,

GHMMA= 1 .22000D0 07 TO= 1.000000-01 J¥= 1 .000000 0s Jz= 2.100000 00
FF= g.120000 02 . KI= 3.700000 O3 H= w. 00od0an a2 Ki= S5,7523SD 03
Kl= 1.37162D 03 K= 4.00000D 00 K= 1.006000D-03
ITEFRTION FREDIEHCTY AHMFL ITIXDE
a J.4261252175 nl N.455733c5854 - 105 D
« 1 0D.44=524403570 01 D.45259208 1605 0 ROD

& .44 05315540 01 0,426 0248028005 IHGDV Ucp

2 g.4z231282014D 01 O.4220222025D-05 : 4£5p a”?y

4 0.473434325ED 01 0.42421035ca0~ n‘i " AGE’@OP@

S 0.43306Z273ED 0 0.422249459a0- POORE’

5 0.437553 02200 01 0 4L1143ifL1D—ﬂﬁ

7 J3.4277 3945740 01 D.4EDSE93?CﬂD ns

2 0.43785507 05D 41 g.4202212281D-05

MD= 1 FREQUEMCY= 4.37&15D O00ORRD-ASEC AMPLITUDE= 4.13933D-00 MIT= &

LET SWITEM-MUMERICAL ZOLUTION OF 1+MeGi+MeNei2=0,

GHMMA= 1 .,.Z220000 07 TO= 1.00000D-01 = 1.00000D oS k= 2, 1CﬂﬂﬂD oo
KF= ;.IFﬂﬂﬂD a2 " bI= 3.700000 02 H= &.,000000 02 KQ= S.752350 03
Ki= 1.,37102D 3 & k2= S5.00000D Q0 3= 4, 000000-03%
ITERFATION FREGUENLCY AMFLITLUDE

0 0.4376142513D0 01 0.4133330027D-05

1 J.444e2e352300 01 N.4172S231220~05

2 0,441 07333930 04 RSESIIEVED -GS

3 0.42322129D 01 FalEEs1D-05

3 0.4222497314D 0l fooesazel-0%

S T.4Z7235E 0240 01 I 141300~ 05

5 0.4276533041D 01 Y 213928530 -03

7 0.4374392303D 01 J.3214526304D-05

=2 0.437403R3500 01 D.23210z2502%220-03

e 0.4373557032D 01 03207889161 D-05

MD= 1 FREEQUEMCY= 4.37333D 00RAHLD-ZEC AMPLITUIE= Z.30335D-068 HIT= =2

LET EWITEM-HUMERICAL SDLUTION OF 1+MeGi+HeN+5Z=10,
GAMMA= 1 .320000 07 TO= 1.000000-01 =01 .000000 05 de= 21000800 a0
FF= Z.1s0000 02 FI= 9.700000 03 H= &.00000D 02 K= S.752325D 03
Ki= 1.,27102D 43 kKg= 5.000000L 00 k3= 1.000000-032
ITERARTIDN FREGLEMCY AMFLITUDE
N.4273325363D 01 0,33 0535 0534 D-05
0.4442A530230 01
0.423327160140 01
ﬂ G330 SE2D 0

43345475270 0l
.4;4_1t 74aD 01
N.434434255440 01
0.42422c67420 01
0.43411473330 01
0.43402323114D 01

LV TR RN s U ) B SN PV B B

MD= 1 FEEQUENCY= 4.34031D 0OFAD-SEC AMPLITUDE= 2.34€47D-08 MIT= =2

Figure 1-1l4c.
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LET ZYETEM-MUMERICAL SOLUTIONM OF 1+MeS1+MeMH+32=0,
DHRMMA= 1 .22000D 07 TO= t.000000-01 Y= t.0000nn as Je= 2.10000p a0
kEP= 2.1&000D 02 kI= %,700000 032 = &.0000000 02 kD= S.7S335D 03
k1= 1.3710&0 03 kg= 7.00000aD 00 k2= 1.00000D=-03
ITERATIOM FREGUENCY AMPLITULE
1] D.4=403123=1D0 01 U.u,4h4?5‘7;
1 0.44025450430 01 0.23 ..-q
ey N.4223023145D0 01 T
-2 D.42627017370 0l e
4 0,.42321522050 01 u.zv .9
b} N.42165% 0F1rn at .26 pal
& 0422530 o1 d.28 5
T cH1FTIEIEEPED G .25 I
2 41257513270 01 0.28 2
2 D.41293724044D 01 0.26 1
10 0.41212115360 01 J.28 154

HD= 1 FREQUEHCY= 4.13137D 00RRD-IEC AMFLITUDE= 2.e04300-0% MIT= 10

T
Y

LET ZYETEM-MUMERICAL Z0OLUTION OF 1+MHeG1+NeNe5Z=0,
GAMMA= 1 .250000%807 TO= 1.000000-01 Jy= r.o0aoon s HE= Z.10000D 00
KFP= Z.ils000nh 0z KI= 2.700000 03 H= &.004a00D0 03 K= 5.7533%D 032
Ki= 1.271020 03 K2= 2.000000 00 K3= 1.006000D-03
ITERRTIOH FREQUEMNCY AMPLITUIE

0 N.4131 26853680 01 0.6 042002850 -05

1 0. 44_u2:th.D a1 H.h.JJ4433JﬂD—H=

2 D.J h=4F?4D o1 L1853V EETE4RD-05

3 01 U 1|||' :1-_"“__j'|"'I|n—||=-°

4 0 41”1311L=4D 01 D,2012137683D-0%

S LAANGINSZISTD 0 O,21227S3715D-05%

& D F2 155 02e2D 0} 0.24423030160-05

v H.S?:_541933D 01 D.51215422020~05

] 4“334 40=70 01 t.40302351510-05

= S20vV4z990D 01 0.o3IRPEI4TI0-03

ig ﬂ 2VZESZIIVD 01 N.8333RI0359D-05

11 N.47250127000 01 LATETRER5 312008

12 0.45424020220 M ﬂ oIS I4SET D05

12 N.41022251e1D 01 LAVIZEOTESZD-NS

14 D.4511000%400 01 D.LﬁﬂTCS?IHID—H

15 N.41350434210 01 . L14333¢h4ﬂn—HJ

16 o L.42ETIZISAID 01 0.8SFEEE"

iv 0.45247132%1D 01 n.=1ve

12 N.441021213el 131 0.2599

13 0.23901532780D 01 n.14%57

20 0.39513553330 01 D100

MHD= 1§ FREEGUENCY= Z.25136D O0RAD-SEC AMPLITUDE= 1.50004D-06 MIT= 20

)

Figure 1-14d.



3T TfITEN MUMERICAL =OLUTION OF 1+MHeSl+MNeMeE2=D

D.19S3999120D 01
0. L__D._Ic"D:_v_Il £l

O.20e45=a7 030 01
0.z0231010520 01
0.2101572453D 01

-.CIWZDEEJ;ID 01
0,211 0e890330 0t
0.21114772270 01
0.21121255%%D 01
ﬂ L11E99IR13D 01

Ll1EFes31sd at

Fyre S DG TN S QT =

=

HD= 1}

FREEQUEMNCY= &.112%6D 0O0RRD-SEC

35

FHNNH“ 1.250000 OF TO= 1.000000-01 Jyv= 1.00000D 05 JG= 2. 100000 00
KF= 2. erDﬂD n2 KI= 2.700000 02 H= &.00000D0 02 Fi= S5.752350 032
Kl= 1.371020 0z kK= 1.000000-02 To= 1 L R0000n-03
ITERRTION FREQLIEHCY AMPLITUIE
0 L1747 I4045D 014 0.443921 092 0-08
1 D.IFS STLNZSID N 0.4453¢ 22255 0—- 0
2 0.175157=2240 01 Q. 44J961J3h4n—nh
3 D.17516e32550 01 0.43&209N3400~06R
3 0. I7S1IFEEesYD 01 0.44639921720-05
MHI= 1 FREBUEMCY= 1.751830 00FRADAZEC AMPLITULE= 4 .465040-07 HIT= <
- LET SYETEM-HUMERICAL =0OLUTION OF 1+NeGl+NeNeGZ=0,
LAMMA= 230000 07 TO= 1.00000D0-401 Y= 1.00000D 45 di5= 2.100000 00
KFP= &.1s000D 02 KI= 3.700000 02 H= &.00000D 02 K= S.732250 03
Ki= 1{.,37102D 03 Ke= 1.00000D0-01 K3= 1.0060000-03
ITERATION FREGUEMCY AMPLITULE
0 0.175123417eD 01 N.44550411 05D-06
1 0.17e932941950 01 0.4510106154320-08
c 0.17758904453D 01 0.45462520520- 06
3 0.1754009526D 01 0.4367644421D-056
4 0.1736586712D 01 0.4577447 0440~ 05
S 0.172627232230 01 0.45797077430-06
MD= 1 FREQUEMCY= 1.73701D RORERD-ZEC AMPLITUDE= 4 .523193D-07 HIT= S
LET EVETEM-HUMERICAL =Z0OLUTION OF 1+HeGl+MHeNszZ=D,
GAMMA= 1.320000 OV TO= 1.000000-01 Jv= 1, 000000 05 de= Z2.10o00D an
KP= 2.160000 02 EI= 2.70004a0 032 H= &.006000 02 Ko= 35.758235D 03
Kil= 1.37102D 03 CE= 1.00000D 00 k3= 1.00000D-03
ITERFATION FRELIJIEMCY AMFLITUDE
N.I7E¥01001sD 01 0.455192R 021006
D.Igrr4ﬁ’1" 1l 6.53145111T3D—ﬂn

0. 4Jh-266??fﬂ ﬂr
0.52e42320040- 06
0D.55142520730-0%
D_Jt444nu30 v = i
0.-.05F3n4n3D—uh

N.5725103e22h-06

-

N |

-0A
=h=0e
3= 0F

':' =
|
=
J

0y Q0N
R S |
& T -

fa

CRLA (N iAol
e I T B I
=~ = 1T
o= 0
DIV AL Iy |
fo o oo
PV TR N

AMPLITUDE= 5.779760-07 MIT= 1&

Figure 1-15a.



LST SYSTEM=~NUMCRICAL SOLUTINN OF L+N4G14N#xN=G2=0., 36

GAMMA= 1.3A00CD C7 TC= 1.00000D-01 Jv= 1.000000 05 JG=_2.1000n0 QC
KP= 2,160000 C2 KI= $9.70CC0D €3 H= 6.000000 02 KO= 5.75835D0 03
Kl= 1.371020 03 K2= 1.00000D 00 K3= 1.000000-03 ‘
ITERATION FREQUENCY AMPLITUDE

Q 0.21000000000 01 Q.58000000000—-06

1 0.21058192580 01 0.5764408218D-Cs

2 0.21106834450 01 0.57779394370~06

3 0.21134006370 01 0.57848B8B5398D-06

4 0.21134585760 01 0.5787551958D-06

ND= 1 FREQUENCY= 2.113520 OORAD/SEC AMPLITUDE= 5.78829D-07 NIT= 4

LST SYSTEM-NUMERICAL SOLUTION OF Ll+N%*GLl+N*N*G2=0.

GAMMA= 1,380000 07 T0= 1.00000D0-01 Jv= 1.00000D 05 JG= 2.100000 00
KP= 2,16000D C2 Kl= 9,7Cn00N 03 H= 6.000C0D 02 K0= 5.758350 03
Kl= 1.37102D0 03 K2= 2.00000D 0O K3= 1,000000-03
ITERATICON FREQUENCY AMPLI TUDE
0 0.21135223680 D1 0.57882942720-06
1 0.21587837660 01 0.47457342560-06
2 0.22862730950 01 0.55415053110-06
3 0.2351691717D 01 0.5623370626BD~-06
4 0.2392340682C 01 0.66771529620-06
5 0.2414543718D 01 0.6919494671D-06
6 0.2425574373D 01 C.7037403848D-06
7 ND.24303515400 01 0.7C887856150~06
B8 0.2431880854D 01 C.7120244100D-06
9 0.24328393040 01 C.71389960070-06
10 0.24334826530 01 C.715106G2900-06
11 0.24339354860 01 €.7159386678D-06
12 0.24342705380 01 0.71653880260-06

ND= 1 FREQUENCY= 2.43453D QORAD/SEC AMPLITUDE= 7. 16991D-07 N1T= 12 .

LST SYSTEM-MUMER ICAL SOLUTICN CF l1+NKxGl+NxNxGZ2=0. :
GAMMA= 1,38C000 07 TO= 1.000000-01 Jv= 1.00000D 05 JG= 2.10000D 00

KP= 2.160002 02 KI= 9,70000D 03 H= 6.00000D 02 KO= 5.758350 03
Kl= 1.371020 03 K2= 3.00000C 00 K3= 1.003000-03
ITEFATICN FREIQUENCY AMPLITUDE

0 0.24345273020 01 C.71699083600-06

H 0.2530703725D 0L 0.6153911942D-06

2 0.2615049668D_91 C.74730169010~-06

3 0.26718188570 01 C.BLHT580249D-06

4 Ce27038492980D 01 0.8395671944D-06

5 0,27158158200 01} C.B557534471D-06

6 0.27266560580 01 C.3617656173D-036

7 0.27281734610 01 0.8€390060490-06

8 027289191170 01 C.B6583763960-06

9 0.21296032510 01 0.8669499962D0~-06

10 0.2730045451D0 01 0.B6T793407340~-06

11 0.273n4218240 01 C.BEB58606208D-C6

ND= 1} FREQUENCY= 2.730710 00PAD/SEC AMPLITUDE= 8.69150D-07 NIT= 11

Figure 1-15b.
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LST SYSTEM—MUMER ICAL SOLUTTIIN OF 1+N%GL+N*=N*G2=0.

GAMMA= 1,380C00 C7 TO= L.D20000D-01 JV= 1.000090 05 JG= 2.loc0CD 0O
KP= 2.1600090 02 KI= 9.70000D 03 H= 6.000000 Q02 K0= 5,758350 03
Kl= 1.37102D> 03 K2= 4.00900D 00 3= 1.000000~-03
ITERATINON FREQUENCY AMPLI TUDE

0 0.27307L12410 01 0.86914988900-06

1 0.28327612720 01 C.B6905629920D-26

2 0.29140723690 Q1 0.940464174470-36

3 0e29652075090 01 0.9¢3123203330-06

4 0.25927995950 0Ol 0.10217814520-05

5 0.30063065160 01 0.10348693960—-05

6 0.3011143382D 01 0.1033001938D-05

7 0.3011605306D 01 0.10402854610-05

8 0.30122946140 01 0.10409166020-05

9 030126669600 01 0.10419866650-05

10 0.30139411490 01 0.1C42586602D-05

ND= 1 FREQUENCYf 3.,01333D QO0RAD/SEC AMPLITUDE= 1.04321D-06 NIT= 10

-3

LST SYSTEM-NUMERICAL SOLUTICN OF 1+N%¥GL+N¥N*%G2=0.

GAMMA= 1.,38CC0D C7 T2= 1.00000D-01 Jv= 1.00000D 05 JG= 2.10000D0 0O
KP= 2.16000D 02 Kl= 9,70000D0 03 H= 6.000000 02 KQ= 5,758350 '03
Kl= 1.37102D 03 K2= 5.000000 00 K3= 1.000000-03
ITERATICN FREQUENCY AMPLITUDE

0 0.3013329729D 01 0.1043207423D-05

1 0.31158859480 Cl 0.1065992225D0-05

2 C.3165716654D 01 0.,11425688390-05

3 032459575300 0Ol 0.1198719877D-05

4 0432735744710 01 0.1230191890D~-05

5 0.,32869829G630 01 0.12441944225-05

6 0.32899643840 01 0.12456812450-05

T 0.325904455500 01 0.12487315320-05

8 0.3291333C090 01 0.12493765450-05

9 0.3291765582D0 01 ©3.12508261720-05

10 032922447670 01 0.12515835020-05

ND= 1 FREQUENCY= 3.292610 OORAD/SEC  AMPLITUDE= l.25244D-06 MIT= 10

Figure 1-15c.
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LST SYSTEM-NUMERICAL SOLUTION QOF 1+NXGl+N%N*xG2=0,

GAMMA= 1.38C0CD 07 T2= 1.0001300-01 Jv= 1.00003D 05 JG= 2.10C00D0 00
KP= 2,160000 02 KI= S.700000 03 . H= 6.00000D0 02 KO= 5.75835D 03
Kl= 1.371029 03 K2= &£.C00C00 00 K3=.1.000000-03
ITERATYICN FRENUENCY AMPLTI TUDE
0 0.329260890330 01 0.12524417490-05
1 0.33931182040 01 0.12830153440-05
2 0.,3416648GC4D 01 0.13821226540-05
3 0635324191450 01 0.14555935280~05
4 0.35645857580 Ol 0.14992048320-05
5 0.35782924460 01 0.1515064339D0-05
6 0.3579959517D 01 0.15178912160-05
7 0.35810681380 01 0.15209709710-05
8 0.35821534120 _Ql 0.15230940250-05
9 0435829991130 01 0.,15251788380-05
10 0.35837156544D 01 0.15268278569D0-05
11 0.3584436003D 0l 0.15283495600-05

ND= 1  FREQUENCY= 3,585030 CORAD/SEC AMPLITUDE= 1.529650-06  NIT= 11

LST SYSTEM-NUMERICAL SOLUTICN OF L+N*Gl+N=NxG2=0.

GAMMA= 1,38C000 07 TD= 1.00000D-01 JVv= 1.00000D 05 JG= 2.100000 QO
KP= 2.160C05 02 KI= 9.700000D 03 H= 6.000000 02 KO= 5.75835D 03
Ki= 1.37102D0 03 K2= 7.00000D0 0O K3= 1.00000D~-03
ITERATICN FREQUENCY AMPLI TUDE
0 035850294559 01 0.15256501160D-05
1 036835499180 01 0.1575826583D0-05
2 0.37823023170 01 0.171578255950-05
3 038603849830 01 0.18458471720-05
4 0.39100843630D 0Ol 0.15930617649D0-09%
5 0.39215573620 01 0.194730932300~-05
& 03927955010D V1l 0.1<590148480-05
7 039317294400 01 0.1990015234D-05
8 0439497523190 (1 0.2C14021481D-05
9 0.39509208140 01 0.20242424210-05
10 0.35547837670 01 0.20274338040-05
11 0.39560248320 01 0.2C33021197D-05
12 039578890570 01 0.20357573530-05
13 0439591420550 01 0.20396195410-05
14 0.39605362450 01 0.2042465906D-05
L5 0.396171907460 01 0.2C45558664D0-05
16 0.39628987157TD (1 $.20482462340D-05
17 0.39639796620 01 0.2050905635N-05
18 0.39650208010 01 0.2053361281D-05
L9 0.39660004C90 01 0.2C557231180-05%
20 0.3966936161D 01 0.2057952294P-05

ND= 1 FREQUENCY= 3,.966940 0JRAD/SEC AMPLITUDES= 2.05?950—06 NIT= 20

Figure 1-15d.



LET SYSTEM-MUMERICAL Z0OLUTIOM OF 1+MHes1+HeNeRZ=0,
GAMMA= 1 .=2=20000 O0F TO= 1.000000-01 Jv— 1 onosan ns
kP= 2. IPHDUD nz Kl= 9.700000 03 H= &.00000D 02
K1i= V10D 032 a= 1.00000D G0 K3= E.DGDDUH—DI
ITERATION FREQLEHCY AMFLITULDE
0 0.33000000000 01 0.4200000000D-05
1 0.35911744450 01 S 0.412213542690-05
2 0,321 0445450 01 0.412581022R0-05
3 D.JﬂU”JfEE_“D 1 N.41755050170-05
4 0.3205715946D 01 0.4174222859D-05
MND= 1 FREQUENCY= 2.91004D NORRD~ZEC AMPLITUDE= 4.173273D-

LET EVE

GARMMA= 1 .220000 0V TO= 1.00000D-01 J= 1000400 05
EP= 2.1&8000D 02 g I= 3700000 03 H= &.000000 02
Ki= 1.371020 03 K2= 2.00000D 04 K= ;.uoounn-nl
" ITEFATIDON FRERQUEMCY AMPLITLUDE

0 0.2310022325D 0t 0.41727521422D~-05

1 0.233442526120 01 0.40342919270-

2 4.3902493997D0 01 2452922 20-05

3 0.3220015397D 01 D.:?;:44<9?5D—05-

4 0.38692255&7D 01 R.2E32351625D0-05

S 0.3836396532010 01 D.Et?n14453”D 05

= D.32E101E7220 01 0.I2E57VEESE6SD- 05

i 0.335927TITE4D 01 J.236507219460-05

= 0.3352194232390 101 D.3646410252D-05

9 0.3257424154D Gl 1.36435442240-05
M= 1 FREQUENCY= 2.25700D 00RRD-ZEC AMPLITUDE= Z.64157D-
LET ESWAETEM-MUMERICHAL F0OLUTION OF 1+MHeE1+NeNeRZ=D,
GARMMA= 1.320000 07 TO= 1.000000-01 AV= o1 anngap 0%
KF= 2.180000 02 kKI= R.700000 02 H= b.UUUﬂUD oz
k1= 1.37102D 03 K= 2.000000 20 K2= 2.000000-101

ITERATION FRECLIEMCY RMFLITUDE

] 0,23Se337222D 01 0.2 1583 E 02D~ 05

1 0.32362151277D 01 0.244525545310-05

2 0.27%S14012%0 01 p.zlyvoeoveeeh-Ns

3 0.2744742250D0 61 D.3022e352120-05

4 B.2720225047D 01 0.2350894 023D-05

S D.370I5zestal ot 0.23142337020-05

& 0.37DL7SESTAD 01 0.2591%124£20~-05

oA NL3EBESUZSETD 01 == SR W S R

= 0.2355941 02510 01 0.8253ed4 57450 -05

9 0.353244223290 01 D.E8EE905115D-05
MO= 1 FEEGQUENCY= 2.892¢(40 00RAD-ZEC AMPLITUDE= &.261320~

TEM-HUMERICAL =0LUTAOM OF 1+Nenl+MeNHesZ=0,

Figure 1-16.
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LST SYSTEM~NHUMERICAL EZ0LUTION GF 1+MeGl+MNeMNeio=0,

40

GAMMA= 1,320000 07 TO= 1.000000-01 Cdv=ol.oaonoon 05 Js= 2,10000D 0@
EP= 2.16000D0 02 £I= S.70000R 03 H= &.00000D0 02 K0= 5.75835D 03
Ki= 1.371020 02 K2= 1.000600D 00 KZ= 2.00000D-01
ITERATION FREQLIENCY ‘ AMFL ITUDE
0 ‘f.24000000000 01 0.1000000000GD-0F
1 0.24094772441D 01 0.146467125540-00
2 0.23%3290724D N1 N.10232041630-05
3 0.239452827E2D 01 0.10357253560~03
4 L23F0264957D 01 0,16213633420-03
5 0.239%072500 01 0.16485530170~05
5 0.23924041250 0f 0.10512e7 0150035
7 024060525320 01 .1042425328D-03
g 0.239255224D 01 0.10312188350~0F
E 0.2352904513D 01 0,.10373232336D-05
10 0.23932401118D 01 0.1040674311 05
11 0,2393603334D0 0Ot 0.10407203650-03
MD= 1 FREQUEMCY= &.3933%D 00FRAL-SEC =~ RMPLITUDE= 1.04135D-06 NIT= 11

LST BYSTEM-HUMERICAL SOLUTION OF l+HeSl+NHeNeLZ=0.

GAMMA= 1.33000D 07 TO=
KP= 2.16000p (2 Kl
o}

1.00000D~-01
2.700000 02 H=

M=

1.00006D 05
&.00000D 02

Jz= 2.10000D Q0
ko= 5.75835D 023

Ki= 1.37102D 03 K 2.00000D 0O K3= 2.000000-01
ITERRTIBN FREGLENCY AMPLITURE
0 0.&z3zseeiesSh 01 0.1041351791D-0%5
1 0."S45522z7ah 01 0.1115190202D0~05
2 0.26589495670 01 0.1222449562D-05
3 0.27200435520 01 0.1292374212D-05
4 N.27687V2A905D 01 N,1241358924D-05
5 0.27e7545262D 01 0.1381207270D-05
& 0.27245%22190 01 0.13886630232D-05
7 0.279535z620D 01 0.12627 1002005
3 0.2725126906D0 01 0.1370021105D-0%
ND= 1 FREQUEHCY= 2.796720 00ORAD-SEC AMFLITUDE= 1.37127D-06 MIT= 23
LET ZYITEM-HUMERICAL SOLUTION OF 1+MNenl+MNeMeSS=0,
GRAMMA= 1.320000 0¥ TO= 1.000000-01 J¥= 1.000600D 05 Cdz= 2.100000 00
EP= 2.16000D 02 KI= 2.700000 032 H= a.0006008D 02 ko= 5,.792250 02
Ki= 1.37102D0 03 k2= 2.000000 0O K3= .00000D-01 '
ITERATION FREGUENCY HAMFLITUDE
0 0.2794755354D 01 0.1237127192940-05
1 0.E3EP2035822D a1 0.15023147290~-05
b4 a.30825892020D 0t 0.1654230751D-05
3 0.31724002210 131 .17 FRSAEe 22 0D-05
4 0.3222210302D 1 N.18A54285140-05
b LIESSRETI08D 01 N.12Q03037230-05
6 0.32&604432230 01 0.19082347553D-N5
7 0.2264018726D 01 D.19167072710-05
g LAZEETRETVTED UL N.1923503720D-05%
S A.2269285411D 01 0.1322721252D-05
10 A, 227127127 0. 19232620780-05
11 0.327 323030 N.1337308224D- 05
iz N.3274R5592 0.1 24N22E7E0D-05
13 0.327VERT 0.1948P223%98D-0%
15 N.327530 0.1349224215D-05
16 0.3273787 0.1251512427D-0%
17 0.22202% 0.1'35259%:01D-05
12 0.32817% 0.13555020e5D~-0S
ND= 1 FREQUENCY= 3.28c59D (O0RARD-ZEC AMPLITUDE= 1.9537260-06

Figure 1-17.

HIT= 1&
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L3T SYZTEM-HUMERICAL SOLUTION OF 1+NeS1+NeNeRZ=0.

GAMMA= 1.320000 07 TO= {.00000D-01 Y= 1.000000 0S5 JE= 2.100000 00
KP= 2.15000D 02 kKI= 2.700000 03 H= &.080000 02 KOo= S.7S335D 03
Ki= 1.37102D 02 ka= 1.000000-03  K3= 1.00000D-03
ITERATION FREQLIENCY AMPL I TUDE Cﬁ?g?

0 D.4300000000D 0t 0.55010000000-05 Ry

1 §.4271 05E0SST 01 0.5S081617%E0-0 4&£§QQ§

e 0.425STEEE24D 01 D.JJk.4E4Q€:n—n= P

3 0.4ZE37506420 01 1.55521975330-05 dbzfﬁp

4 0.4220752071D 01 0. 5545724 0750~05 & P

5 0.42780154530 01 0. SE04173282D-05 4%%;Qa?

5 0.427107219:D 04 D.SS224204180-0% %

7 0.4272476170D D1 0.5573216017D~0%

ND= 1 FREQUEMCY= 4.273310 00RAD-SEC AMPLITUDE= S.537854D-0& MIT= 7

."\

LET SYSTEM-MUMERICAL SOLUTION OF 1+Necl+NeNexzZ=0,
GAMMA= 1.38000D 07 TO= 1.0040000-01 . JW= 1 000000 05 Jde= g.1oa000D 00
KP= £.150000 02 Kl= 2.70000D 03 H= &.00000D 02 K= S.7S235D 032
kKi= 1.37102D 032 E&= 1.00000D0-03 k3= 1.00000D-0D2
ITERRTIOM FREQUEHCY AMFLITULDE
1] N.427221143=00 01} 0.9578235329D-05
1 Q.42651852=20D0 1 N.SSE1562337 005
rd 0.425e2919020 01 G.5523254724D0-05
2 0.4255571215D 01 N.S5S3TEESSESD-0S
M= 1 FREGUEMCY= 4.25947D0 DORKRD-ZEC AMPLITUDE= S.53740D-05 MIT= 2
LET Z¥YSTEM-HUMERICAL =S0OLUTION OF 1+NeGl+NeNecZ=0.
SAMMA= 1.35000D OF TO= 1.000000-01 Jw=1,00000p 03 Ja= 2100000 40
KERP= 2.1s000D 0z ElI= 3.70000D 032 H= s.0000a00 o2 K= S.7538350 02
Ki= 1.37102D 03 kK= 1.00000D-03 K3= 1.8000000-01
ITERRTIOM FPEHHEHEW AMFLITIJDE
1] 0.425234722710 01 0.953723RV122D-105
1 0.4132127590 01 N.522S2222090-05
o U0.,415439122D 01 0. 50852205 090-05
3 0. 41’U14‘T?5[ 01 0.5919093921eD-05
4 2.411521=2200 01 D.El4u45 = SDST-05
5 t.4107021772D a1 0.512222RE3
[ g.410%25€422D 01 L «SlZavVESE!

HD= 1 FREQUENCY= 4.11023D O0OFAD-SEC AMPLITUDE= S.1200eD-06 HIT= &

Figure 1-18a.
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LET ZYITEM-NUMERIRRBL ZOLUTION OF 1+MHenl+NeNeinzT=0,

GAMMA= 1.320000 07 TO= {.Ga0000-01 M= L Lpaond 45 Jiz= 2.10000D 0G0
KP= 2.1s000D 02 KI= 3.70000D0 03 H= ».000600D 02 E0= S.7vSa83zDh 02
Kl= {.37102D 02 K2= 1.00000D0-03 k= S.00000D-01
ITERATION FREGUENCY RMPLITLIDE 2
¥0 0.41102245140 o1 0.5120057257D-05 @-EQ@
1 0.4022019321D 01 0.434034857 0005 ROy,
2 0.3320474633D 01 0.4793135355D-05 Ng, Ly
3 0.3942857205S0 01 .4;1u444:-_n-nJ 2y f?};
4 0.39295255330 01 0656 ra5a1 10 @, Op
S 0.392024103150 01 0,45314135740~ D_ ‘ S a 2&@
() ¢.29z2e&e047080 01 0.46285802220~05 Ck%
ND= 1 FREQUEMCY= 3.92377D UORAD-SEC  ARMFLITUDE= 4.527€8D-06 NIT= &
LET ZYSTEN- ~NUMERICAL SOLUTION OF 1+MHeSl1+NeNezz=1,
SAMMH= 220000 07y TO= 1.000000-01 . A= 1.00000D0 oS dia= 2.100000 0o
KP= 2.160000 02 * Kl= 9.700000 03 H= &.000000 02 K= S.7S325D0 03
Ki= 1.371028D 03  KE= 1.00000-03 K3= 3.00000D-01
ITERATION FREGUENCY AMPLITLD
0 TERYVYD 01 O.34527RE2&93D-0N%
1 ESR223D 0l ﬂ LAV ISLISD-05
2 ATPFO1LD 01 4:?1&?9323D~nu
3 2252030 0t D 41702164510
4 F22213D Ol 0,41 08930400~ UJ
5 0422470 01 0.40304022770~05
o 200730 01 . 4uf4r=3?qrn 05
7 5117770 01 N.40546149510-05

ND= 1 FREQUENMCY= 3.7V04395D 00RHD-ZEC AMPLITUDE= 4.08572D-06  HIT= 7

LET E¥YITEM-HUMERICAL =0LUTION OF 1+HeG1l+HMeMeim=0.
GAMMA= 1.220000 07 TU— 1.00000D~01 I“~ 1 NoogNn as da= Z.10000D 0
KP= a.lruﬂﬂn oz KI= <s.70000D 032 H= &.000000r Q2 k0= S5.728350 03
Ki= 1.37102 03 kKe= 1 .00000D0-03 H3= 4.GUUUUD—UI
ITEFATION FREQUEMCY HMPLITUDE
‘ | 0.370434=5126D 10t 0. 405357268240 -05
1 0.2590000202D 01 0.32523260050-05
2 N,3SNES15772D 0l N, ZES7ERES41T0-05
2 0.245150e441T 01 N.23522203145D0-05
4 n.341242 04450 01 0.34 36758348 0-05
5 G.2418432543D 01 D.34331e9155D-05
5 0.3403399UDBD 01 0.341874£955D-05
7 Ladlae24d4e1n 0l D.24ES4 3RSV D05
2 D.-41 2O 3T 01 0.24171ig9evel-0%

MD= 1 FREGZUEMCY= 2.41234D 00RAD-ZEC AMPLITUDE= 2.416410-0& MIT= &

Figure 1-18b.



LET SVEITEM-HUMERICHL

GAMMA= {.3=0000 07 TO= 1.
KR= &.1e000D 02 KI= 5
Ki= 1.3710zZ0 03 K= 1
ITERATION FRERUIEMCY

0 N.341=2341321D

1 U.32d41 0845200

2 D.?ﬂ??:9374 D

] U.hcn44 =l ]

4 . Q“Uqﬁﬂuigﬁ

o 0.2947 3527

5 D._E;“=49934D

v 0.3039724=14D

=1 0.2382145728ED

3 0,.2001552540T0
10 0.2037700472
11 0.2749506433

12 0

MD=

LET ZYSTEM-MHUMERICHL

1

EAMMA=

1=

1.220000 OF TO= 1.00000D-101 A= o1 .000000 05

EP= 2. 180000 02 ¥I= s.700000 a3 H- &.000000 02
1.271020 03 E&= 1.000G00-03 E3= &.000000-01
ITERATION FREQUENCY AMPLITUDE

0 N.e3312202530 01 D.22243240450-05

1 0.21552214262D 01 0,35271953100-05

R 0,27033207e110 01 Q.205=299 0825 —-05

3 A0.31605070420 01 0.28e23 032290~ 05

4 0.2695124344D 01 0.20130422320-05

5 N.3115544=24D 01 0.OFTEISETIS450-05

= 02623037 ZeD 01 .19 3 021D-03

v Sz21D 01 0.z IN7E4 D05

2 I.1 2335540 01 .48 203408

3 G._L_;,:ﬂl 40 0] oo a2~ 06

10 ‘ '?ll_tnn'ﬂi 0.1 =R L) A (b

11 o1 0.1 T el 1 b

12 o1 D.E : FOSEIRn-NS

12 01 -0.13 oS 30—-104

~-%. 2 D-05

14 ﬂuHQQQQQHhD ao 0,.23933322995T1 00

15 01 0. 1u0un0uannn 13}

FFREQUEMCY= 1.00000D J0FRD-ZEC AMPLITUDE= 1

HD=

t

1

14
5 0.
1
1"
11'\

1

3 .3

[

=1

19 =
20 .254122 02530

FREVIENCY= 2,94 lE

SoOoann
L000000-03

gooonp-01

iz

TOLUTION OF 1+MeG1+MeMe52=0,

Y=o 1r.eoooonp oS
H= &.00G000 02
K.3= L00000n—-0g1

AMFLITLDE

1B 0.241e405202D-
il Q.2033542327 D05
01 n. ““Foﬂ“D4OID~DS
o1 0.221 079254 00-35
0t a, E:ﬂ4=q 4140-05
01 1L E74ETII74D- 05
i1 0.2155339912D-05
N1 0.2693ﬂ““?”ﬂ 33
01 nN.2247 02432270~ UJ
o1 0.254z28156551—
0l R.27V20422224D- ﬁS
0t C.193G339087V0—~05
0t O.240a3223210-13
o1 O.31301395420-05
01 0.30e327Sc820~- uﬁ
01 0.2673332250-
01 0.23245339fhn—n=
0,.32835915440-05
0.20576051520-05
1 0.27re5a3452 0005
13 0.2239343540450-05

2D 0OFAD/IEC

AMPLITULE=

SOLUTION OF 1+HeR1+MHeMezZ=0,

Figure 1-18c.
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LET SYSTEM-MUMERICAL SOLUTIOM OF 1+MHeG 1 +NeMHeR2=0.

GEMMA= 1 .235000D 07 TO= 1.00000D0-01 dy= 1 .00000an 08 Jd5= Z.10000n oo
KP= 2.1&000D 02 KI= 2.,700000 03 H= &.00000D 02 Ki= S5.7S235D 032
Kl= 1.37102D 03 kg= 1.00000D-03 K3= 1.000000-03
ITERATION FREQUENCY . AMPLITULE

0 g.1700000000D 01 Q4500000000005

1 0.1713e912240 11 0.4377777eeel-06

2 0.17223172100 01 0.44017307eaD-05

2 0 1741R5Se 2300 01 N.g44genlazezzl-0s

4 L17458916321D o1 0.44415254430-08

5 D 17420555270 01 O.4447212224D-06

B 0.1742141243D 101 C0.4451728938D-05

MHD= 1 FREQLENCY= 1.748232D0 OURRD-ZEC - AMPLITUDE= 4.452%4D-07 HIT= &

LET SYSTEM-NHUMERICAL =O0LUTIOM OF 1+Nehbl+MNeMNecZ=0,

SAMMA= 1 .3=20000 OF TO= 1.000Q0D-01 A= 1 L o0Qunln 0% Ja= Z.100000 00
EP= 2.15000D0902 El= Q.70000D 03 H= &.n0goobh 02 k= 5.7S&350 02

n

1.00000D-073 KZ= 1.00000D0-02

m

Ki= 1.37t02D 03 K

ITERATION FREGLIEMCY ? HAMFLITUDE
0 0.174=227220D 01 0.44525267 75006
1 J.1758128772D 01 0.450273EES0D-06
2 O~17S526501300 0] N.45237742230-06
3 0. 1r144c11P1D 01 0.4534270070-05
4 0.17542522855D 01 0.45521222440- 0%
S 0. ?551?2 ZeD 01 N.4555845868D- 068
B 0.17SS252624D 01 0.45597 73957 0-06

MND= 1 FEEGLEMCY= 1.73550D OGQRRD-IE

)

AMFLITUDE= 4.58172D-07 HIT= &

LET ZYSTEM-MUMERICAL S0LUTION OF l1+MNecl+MNeNes2=0,

GAMMA= 1.22000D0 0OF TO= 1.000000-01 Ju=1.,000000 05 Ja= &.10000D 0o
EF= &.1e000n 02 EI= 3.700000 03 H= &.0ao00l 62 KQ= S.7¥938250 03
Ki= 1.37102D 03 K= 1.00000D-103 K3= 1 .0006000-01
ITERHTION FRECDUENCY FAMPLITUDE

] 0175854971310 01 0.4581723423340- 00

1 017317792450 01 D.5101K1ER2S0-10F

& 0.121=7122150 01 0.54201842140-06

z p.lag2enz1211iDd 01 SSESE20427 D08

4 .1 21 01 LS TR04D-04

5 i 3 01 i SmasSeal-De

[ b 01 0. .5FesPIEEz22D-~-08

g 1 J.57EBI7T1524D-05

= a1 B.57291 07407 0-08

9 1 0.57936387c3D-0:

ND= 1 FRERUENCY= 1.53240D OORAD-ZEC AMPLITUDE= 5.79735D-07 MIT=. 9

Figure 1-19a.
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LET Z¥3 TEN MUMERICAL SOLUTIOM OF 1+NeGi+MHeMez2=0,
GRMMA= 1 .3=20000 07 Tu~ 1.00000D0-01 - dv= 1 .000000 05 dG= Z.100000 06
KP= 2. I:Dﬂﬂﬂ e KI= 2.700000 02 = &.000G000 02 kp= 5.7S225D 03
<Kl1= 1.27102D 03 Ke= 1.000000-02 K3Z= 2.000000-01
¢ ITERRTIOHN FREGLIENCY AMPLITLUDE
0 J1Ez2400034D 01 0.57973542591D-0n
1 12285637540 01 0.6511742155D-106&
2 0.191’453403D ni 0.6357¢7220 hst ne
3 0.193t54r-4hn 1 0.7211374011i0-0%
4 0.13z Q4*4’HD 01 0.74994 18422005
5 = = nt D.74e201 0454006
) 1 .7S00zd420310-05
7 i1 0.7521033395D-05
] o1 0.7522964 047008

MD= 1 FRERQUENCY= 1.35414D OORAD-IEC AMPLITLDE= 7.Sc%32D-07 HIT= 2

LET SYSTEM-NUMERICHL ZOLUTIOF CF 1+NeL1+MeMehe=

GFAMMA= 1 .23000D0 0OF TD= 1.000000-01 Jdv= 1. UUUDDD 0s JdE= 2.1a000eh 00
KF= &.1&0000 02 FI= S.700000 03 H= &.0aononh oz Q= S5.72835D0 03
Ki= 1.371020 0= pa= t.000000-02 k3= Z.000000-01
ITERATION FFEHHEHPT AMPITUDE
? 0 0.19541262 _D 01 0. 75293224744 D05
1 0.201588%2530 01 N, 2843724323 0D-0F
2 0.205%2312c24D 01 0.2024212199D- 05
2 u.;D:-EEE449D N1 0.252083074520-06
4 N.20=4S72225D 01 G.37T1922544 00— 05
ba D.Lﬂ4r41411LD ot Q.37FEaz2032%90-05
A g.21025421410 01 g.Ez2es007ae 1l D=0k
7 0,2104071337D 01 N.98223542170-05

HD= 1 FEREQUEMCY= 2.10420D QURAD-QEC RMFLITUDE= 2 .283224D-035 NIT= ¥

Figure 1-19b.



+MHeFi+MNeMeR2=1,

LET EYESTEM-HUMERICAL :ULUTIUH aF 1
GHMMA= 1 .320060 07 TO= JOD0NGoD-01 = 1. 00n00D 05 A=
KP= 2.1580000 02 K I= Q.FDﬂODH a3 H= &.000000 22 Ko=
K1= 1,371020 03 k= 1. 00000001 K3= 1.000000-01
ITERATION FEEGUENCY AMFLITIUDE
0 g.4000000000D 01 g.500000o0n0p-ns
1 i1.40e534:24290 01 ND.S0E0SIEVSID-00
2 0.4025C022750 01 J.5075148970D-n0%
3 Q.41055525030 01 §.S0770ER1IVID-05
4 0.,41039474100 01 J.507V63353934D-05
M= 1 FREGQUEMCY= 4.10938D QORARD-ZEC AMPLITULE= 35.,07e30D-04
LET EYETEM-HLMERICAL =Z0LUTION OF 1+Nexil+Mef{eiz2=0.
GAMMA= 1.3220000 Y TO= .00000D0-001 dw= 1.000000 05 =
KF= 2.is000D 02 B I= S.700000 03 H= &.000000 02 K Q=
Ki= 1.27102D 02 °© k&= 1.00000D-01 k2= 2.a00000-01
ITERRTION FREGUENCY AMFLITUDE
f 0.41 093537520 01 0.907R2027AID—-05
i 0.40217037120 01 N.43372231315D-05
2 0.2320002704D 01 B.4755255951D-05
2 0,2343227S120 01 D.d4e654 23511 D-05
4 D.3928821595D 01 0.45125205220-05
bt D.=29200003700 01 . 4533510642 D—-0%
1) LaRgzeRevenl 01 N.452553514230=-05
HD= 1 FREDUEMHCY= 2.32242D0 00RAD~ZEC FMPLITUDE= 4 .,524:250-05
LET EYITEM-MUMERICAL ZOLUTIOM OF 1+Neil+MeNenzZ=0,
FAMMA= 1 .220000 07 TO= 1.00000D-01 A= 1 .80000p 05 HE=
KP= 2. ltUnHD N2 I= 2,700000 032 H= b aooood o2 k0=
Ki= 1.3v1i02D 03 KE= t1.000000-01 k3= 200000001
ITERATION FREGLIEMCY AMFLITUWELE
0 338347 4”UFD i1 D.4554FF:nQ1D—
1 D 223205721220 01 SREs 1 0SD-05
2 D.,rh.lﬂﬁi’ﬂn 1 0.42217 11154D—DS
3 U.u.hfﬂ"'gln il ﬂ 4117495172D-05
4 0.2V0LGSE33 01 LANSEY NI LSFI-05
S ﬂ._’ﬁ?3342?3n 1 ﬂ 4ﬂI?I“I"D4D—H‘
& 0.-596451845 a1 0.40=07
v *DDZT:_:' 01 O.4021733322
= TOOR34220D0 01 0.40234235136
HD= 1 FREQUEMCY= 2.V0157D U0RAD-IEC AMFLITUDE= 4.0326110-0&

Figure 1-Z0a.
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REPRODUCIBILITY OF Ty
ORIGINAL PAGE IS POOR.

LET =Y¥STEM-MUMERICAL =0OLOTIDNH OF 1+Menl+NeHesI=0.
GAMMA= 1 ,223000D 07 TO= t.00000D-01 = 1.00000D N5 JdE= 2.1000aD 00
- KF= 2.1s0000 G2 KI= 2.70000D 03 H= &.00000aD0 02 = S5.VS32SD 43
Ki= 1.37102D 0z ‘2= 1.00000D-01 K2= 4.00000D-01
ITERARTION FREDUIEHCY RAMFLITUDE
] 0.27015&7171n 01 0.402610537450-05
1 0.25223 85270 01 0.Z732428425D-05
c 0.399£553165D0 01 D.3S09%45285 —H‘
2 D.24355113730 01 0,3447°7207170-
o 0.3322220025D 01 0.23350423722260~ uf
S N.3332132057D0 01 N.339223793%60-05
(A 0.3322147226D 01 0.234068314740-05
7 0.33351776S7TD 01 0.332369153730-00
MD= 1  FRERUENCY= 2.3353%D 00RAD-ZELC AMPLITUDE= 2,3323&850-05  HIT= 7
LET 2YSTEM-NUMERICKL ZOLUTION OF 1+4MeGi+MHeNenZ=n, :
GAMMA= 1.220000 407 TO= 1.000000-01 Y= 1. 000o0n 05 Jia= 2.10000D an
kP= 2.160000 02 Fl= 9.7000a0h 03 H= &.G00000 02 Ef0= S.7SE35D 03
K1l= 1.37V102D 03 ko= 1.00000D-01 - K32= S.00000D-01
ITERATION FREQUEMCY AMPLITUDE
o0 0.33952852:20 01 0.232268548740-05
1 D. 22091135200 01 0.297E21457D~-05
z J0.20026143250 01 0.25a023122850-05
2 a. 11_541::;1D a1 —ﬂ B4RT2TSIMID-NS
1 1.155410 0N AT IE0~
4 0. 1ﬂnﬂuﬂuu?‘n o1 U.??????ﬂﬂ?tﬂ na
5 D.10do000ognol 01 g.10000000000 01

ND= 1 FREQUEMCY= 1.00000D0 Q0FRAD-ZEC  AMPLITULDE= 1.000000 00 MIT= S

Figure 1-20b.



LET EVSTEM-MUMERICAL ZOLUTIOMN OF 1+HeRl+MHeN+32=0,
GAMMA= | Jxza00b 07 TO= 1. .000000~-01 A= I.DUDUUD s Ji5=
EP= 2.1&000D 0z I 2,700l 03 = LINo0on ng K=
Ki= 1 >0 0 k&= 1.000000-01 k3= 1.UUUUUH—UI
ITEPHTIDH EHCY - RAMFLITUDE
] Dnnnnn 0 O.5000000G000=104
i S2VE0O01 LITVPEIZEG 4 I NS
c QeZZh0 Ot O.237 19165720~ 06
32 S402D 01 0 5FR0438 35354 D- 06
4 12=2D 0t 039822407 4:=D-0r
s V43T 0f 0.523722e47 350108
& 20270 01 0.5372e03512D-05
HD= 1 FREQUEHNCY= 1 .22002D O0O0FEAD-ZEC AMPLITUDE= S.9233330-07
LZT SYITEM-HUMERICAL ZOLUTION OF 1+MNeGl+HeNesS=0.
GRMMA= 1 . 220000 D? TO= 1.000000-01 A= 1 .900000 05 Jo=
kP= 2.150000 D& KI= 9.70000D 03 = &.,00000D N2 K =
Ki= 1.37108D 03 + K2= 1.00030D-01 K= E.UUUHOD—HI
ITERATIDON FREGUEMCY AMPELITULE
g 0.13230077917D 01 0.53229392327 D0
1 O.13293412Va7D 01 D.e722251.2430- 08
(= ND.i961a41es5sh 01 J.T1I8ETER3TLZ0- 05
iy LAF511744322D 01 N.74525258246D- 05
4 0.1373F8228157D 01 0.77192345730—0%
] N.1239007s7200 01 0.7 747IETER4D—-0E
3 D.339a1202590 0} 0,.777V4288326 1 D-05
v 0.132309979=D 01 0.77237ER12SD-0n
b DL1393207Ra10 01 D.772e387285D-0n
HO= 1 FREQUENMCY= 1.93322D 00RAD-ZELC AMFLITUDE= 7.78288al-07
LET EYETEM-MUMERICAL ZOLUTION OF 1+MHeG1+NeMeLS=0.
GAMMA= 1 .322000D OF TO= {.00000D-01 JH— I.DDDUDD 0% 5=
KP= S.1e0000 02 KI= 2.700000 42 H= Looonon nz F 0=
Ki= 1.27102D 032 Ko= 1.000000-01 KE— ..DDUUUD-UI
ITERATIOMN FPEUH:HF1 AMFLITUDE
D ; D 01 Q.F7VEesecscq4l-0s
1 E 01 D.5V3243191 04 00— 05
= 1T 01 D FTEZEdSYE G D-0g
2 37D 01 D.10073z00233D-05
4 EiD i1 0,100 00e204-05
5 Fit=0 LI 1B QolNl&enoad7ali-0s
£ T al Q.1020051 0043005
¥ 01 Q.1N2057S2=54n-0%
3 1511 mlgﬂD irl G.102143232829D-0%

MD= {  FREQUEMCY= 2.15534D CORAD/SEC  AMPLITUDE= 1.0231S6D-0%

Figure 1-21a.
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LET EYITEM-MUMERICHL ZOLUTION OF 1+MHeil+MeMeng=1,

GAMMA= 1 ,230000 07 TO= {.00000D-01 Jw= 1.000000 0S dE=
KF= 2.1en0n0h 0z I= R,.70006D 03 H= &.000000 02 K= S.7
kKi= 1.Z7102D 02 k&= 1.000000-01 k2= 4.000000-101

ITERRTION FFEGHEHPY ' AMPLITULE

i) 0.21S5223261D 01 0.10215EE747D-05
1 _.Lk44LLn141D 1 D, 1152955517 0-05
2 H.;H SE27V 02250 0l D.1ZR1BT OS24 D-05
3 D.21202474200 01 0.12257452610-05
4 t.=2=2711226140 01 O.123033a2130-05%
5 0.83258359390D 01 U 13420231 520-0%
5 0.2351075e24D 01 O.1237327V42172D-05
v D.2377124215D 01 0. Z:?é?ilﬁDD as
3 0.33834993': 01 0.13921e20053D-05
£ 0.23320506%2D 01 0.13333337A5D~ 05
10 0.22837717

o1 U.13347023494D-05

HD= 1 FREERLEHCY= 2.234c5D OQORARD-SEL AMFLITUDE= 1.39587D-05 HIT= 10

Ry

LET SYITEM-MUMERICAL SOLUTION OF 1{+NeGl+NeNeSZ=0.
SAMMA= 1.320000 <07 TO= 1,300000-01 dv=1.00000D 05 Jia=
¥KP= Z.1/0000 0O Kl= 2.700000 03 H= £.00000D0 oOg K
Ki= 1.371020 03 k2= 1.000000-01 kKZ= S.000000-01

oooon 00
S5350 0

ITERATION FF HMFLITHDE

] O.235 0l Q.

1 0.252! ol 0.

2 0.2832 01 0.

3 fi.=20 13+ 0.

4 Q.aov 0l i,

2 LI 01 n.z

=} n.25 SIS a1 a.

4 f.2e92 265750 01 0.1+ =

= .e2v30@esnnyn ol 0.21055 B

=) 0.228182z0%26D 01 0.Z832247erd4D-0%
10 Q,35141449450 01 D,.o9asSssSTanh- 05
11 QL.2013934153D0 01 D.25750971596D-05
12 0.1213751204D0 4y ND,ZEFVSEETA21D~-08
12 S 00=140 01 0.522714927 2008
14 IVINVEEED 01 0.734517 02esD-0E
15 AN &S990 01 0.1 0262385407 0-05
1£ E e D | T, 1a2ian20300-0% v
iv T18ED Ny 0. 152015032140 ~05
13 ZasD 0 o.1=2070241200-03
13 1120 0t Q 19?331H4rHD—H?
20 SEVED 01 B.221782e5580-05

HD= 1 FREQUEHCY= 2.2190%D 0O0KAD-ZEC AMFLITUDE= 2.21753D-0% HIT= &0

Figure 1-21b.
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5T SYSTEM-HUMERICAL S0LUTION OF 1+NeGl+NeMerzZ=0,

BEMMA= 1,380400 67 TOs 1.00000D=01 JvmE 1.00000D 05 JE= 2.100000 00
KP= 2 180060 02 kI= 2.70000D 03 H= &.00000D0 0@ Ko= 5,758350 03
Ki= 1.37102D 03 2= 1.00000D 00 K3= 1.00000D-03
ITERARTION FREDLENCY AMPLITUDE

) 0.43000000000 01 0.52000000000-05

1 0.420528122£D 01 0S2E3303301D-0S

2 0.430S283250D0 01 0.52224534330-05

3 0.43057445700 01 0.5245745722D~-05

4 0.43086343530 Ot 0.5243241015D-05

MD= 1 FREQUEMCY= 4.30365D Q00RAD-ZIEC AMPLITUDE= S .24185D-06 MIT= 4

rL-‘3T ZYSTEM-NMUMERICAL SOLUTION OF 1+NeGl1+MeNeG2=0,

BAMMA= 1.330000 07 TO= 1.00000D-G1 dW= 1.a0000D 05 do= 2.100000 G0
KP= 2.15000D 02 kI= 2.70000D 03 H= &.040000D0 02 o= 5.75325D 03
Ki= 1.3710aD 03, k2= 1.00000D 0Q kK3= 1.000000-02
ITEEATION FREGUENCY AMPLITUDE
0 0.42025451220 01 N,5241 850529005
1 0.42935720514D o1 D.522025 Jnl“D—ﬂq
.8 0.4Z372943640 01 0.5134avZ6 040
3 0.42713132505D 01 n q1444?3"u3n
-4 D.42%1765417D 61 0.31938R77 4*D—H5.

ND= 1 FEEQUEMCY= 4.29161D GORAD-ZEC AMPLITUDE= 5.13Z44D-0& MIT= 4

LE3T SYSTEM-MNUMERICAL SDLUTION DF 1+Nesl+MHeNeiZ=

GAMMA= 1.33000D 07 TO= 1.000000-01 d¥= 1.000000 05 Je= g.100000 00
ER= 2.1s000D 02 Kl= S,70000D N3 H= S5.000400 02 K= S.7S535D 03
1= 1,27102D 02 K&= 1,00000D 00 K3= 1.0006000-01
ITERATION FREMIEMNCY AMPLITUDE

] 0.42216075200 01 0.519344059590~05

1 D.422c04654220 01 0. 20Z62004532D-0%5

2 N.3177034770D0 01 0.45957232620-05

2 D.41430350040 01 0.43140715400~05

4 0.413217239544D 01 J.47845 0727 0D-09

S N.4128&77rrad ot 0.474852C7S50-05

S O.41228102003D0 01 0.4743754153D~-05

ND= 1 FREQUENCY= 4.122392D UGRﬁDfSEC‘ AMFLITUDE= 4 .742530-05 MIT= &

Figure 1-22a.
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LT ESYSTEM-HUMERICAL SOLUTION OF 1+HeGl+HeMeiz=0,
GAMMA= 1.32000D 07 TO= 1.000000- Jv= L gnoonn 0s Je= 2.100000 00
EP= Z.1s000D0 02 KI= 2.70000D 03 CH= s 000000 42 KO= S.7S235D 042
Ki= 1.2F10&0 03 K= 1.00000D 00 K3= 2.000000-01
ITERRTION FREQUENCY AMFLITIIDE
Q N.41229286010 01 0.47425311 0=5D-05
1 B.40333233313D 21 0.4533445537 320 -05
2 D.3377078042D 01 Q. 4363315733005
3 0.33321402990 01 0.42645653280-05
4 0.23120522250 01 0.41322F7RETD-0S
5 0.330341°7°4450 01 3.41524510=2A0-05
) 0.3203RE83850 01 0.417E2170510-05
7 0.3910473943D0 51 0.417SSPS2700~05
ND= FREQUEMCY= 3.31085D 00RRD-ZEC AMPLITUIDE= 4.175530D-10& HIT= ¢
LET EVITEM-MUMERICAL =0O0LUTION OF 1+NelBl+NeMemz=(.
BAMMEA= 1.28000D =07 TO= 1.00000D-01 Jw= 1.000048D 0% A= 2.104000 00
EP= 2.180000 02 B I= 3.700000 02 H= &.000000 02 kKl0= S5.7Sa350 03
kKi= 1.37102D 03 k2= t.00008D 00 K2= 2.00000D-01
JITERATION FREDIJEMCY AMPLITUDE
0 0D.231 055059350 01 R.A17E528352E-05
1 D370z 03el (1 0.29267 324444005
ey D.3FIE=020=25D0 01 Q.37205414753D-05
32 0.25541725240 01 0.3597VEeeS341D-05
4 0.235139=55577D 01 D.3423512737&D—-05
5 D.25134204270 01 0.34831883£9D—H‘
() 0.35114332025D 01 0.234839724E8ali-05
v 0.2515625743D 01 u.546£’£?£3=n—n3
2 0.2615513355D0 01 0.34574156130~-03
MD= 1 FEEQUEMCY= 3.415£50 QO0RARDAZEC AMPLITUDE= 2 .455670-06 HIT= =
LET EYEZTEM-MHUMERICAL Z0LUTION OF 1+MesS1+MHeNeLZ=0,
BRMMA= 1 .330000 07 TO= 1.0000G6D0-01 L= 000 al aS = 2 100000 oo
EFRF= S.1a0000 02 EI= 9.700000 Q3 H= &.000000 02 Ef= 5.7S3350 03
Ki= 1.37102D 032 Fa= LO0000D Qo 2= 4.00000D-01
ITERATION FrREGQUENCY AMFLITLUDE
d H.26156490%60 01 N, I4EEETESFA0-05
1 H.,4 37420 01 02032023301 20-05
c '.;_4ﬂo Te4ED 0l O.25r23201220-05
3 Llz0aveissEDh 01 -0.1572573192D-05
i l.iﬂi.hD L -1.57257D-07
IHCQOOI EKECUTIDH TERMIMATING DUE 7O ERROR COUNT FOF ERKEOR MNIUMEER 261

T g,

Figure 1-22b.
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LST SYSTEM-NUMERICAL SOLUTIIN OF L1+N&GL+N¥NxG2=0.

GAMMA= 1.380C0D 07 TN= 1.0CN000-01 Jv=1,00000D C5 J6= 2.100000 00
KP= 2,16000D 02 KI= 9,70000D 03 H= 6.,000000 02 KO= 5.75835D 03
Kl= 1.371020 03 K2= 1.00000D 0O K3= 1.00000D-03 :
ITERATION FREQUENCY AMPLI TUDE

0 0.21000000000D0 01 0.5800000000D-06

1 0.21058192940 01 0.5764408218D-06

2 0.21106834450 01 0.5777939437T0D-06

3 0.2113400637D 01 0.57848853980~06

4 0.2113458576D 01 0.57875519580-06

"ND= 1 FREQUENCY= 2.11352D0 OOQORAD/SEC AMPLITUDE= 5.788290-07 NIT= 4

LST SYSTEM-NUMERICAL SOLUTION OF 1+MEGL+N=N%G2=0,

GAMMA= 1.3800C0N0 C7 TN= 1,00000D-01 Jv= 1.00C00D Q5 JG= 2.10000D 00
KP= 2.,16000D0 02 KI= 9.700000 03 = H= 6,00000D 02 KO= 5.7583%D 03
Kl= 1.371020 03, K2= 1.000000 QO K3= 1.000000-02
ITERATICN (FREQUENCY AMPLITUDE

0 0.21135223680 01 0.5788294272D-06

1 0.,2118091876D 01 0.58509301290-06

2 0.21198952180 01 C.5EB73250600-06

3 0.2120905168D 01 0.590727T397330-06

4 0.2121552444D 01 - C«5518624186D-06

5 0.2121967930D 01 0.5526023104D-06

6 0.2122261884D 01 0.55309245600~-06

ND= 1 FREQUENCY= 2.122480 OQRAD/SEC AMPLITUDE= 5. 93446D~-07 NIT= 6

LST SYSTEM-NUMER [CAL SOLUTION OF 1+N=GL+N:¥N=*GZ=0.

GAMMA= 1,.,330000 0T TD= 1.000000-01 JV= 1.00000D 05 JG= 2.100000 00
KP= 2.16000D G2 Kl= 9.70000D §3 H= 6.,000000 02 KO= 5.758350 03
Kl= 1.371020 C3 K2= 1.000000 00 K3= 1.00000D-01
ITERATICON FREQUINCY ' AMPL T TUDSE
0 0.21224760460 01 0.5934460004D~06
1 0.21673833373D 01 0.6662858378D-06
2 0.2195828r91D 01 Ce 7114007488006
3 0.22128323420 01 C.73721802100-06
4 0.2224826790D 01 0.749645T1550-06
5 0.22276668260 01 0.7599491087ND-054
6 0.22301331990 01 0.78620617825D-06
7 0.22267340260 C1 0.7706783119D-06
A 0.22303627910 0! Ca77142138800-06
9 0.2231377553D 0l C.7703596285D-06
ND= 1 FREQUENCY= 2.23141D QORAD/SEC AMPLITUDE= 7.T71332D0-07 NIT= 9

Figure 1-23a.
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LST SYSTEM=NUMER TCAL SOLUTIOM 9F 1+Nx=Gl+N#N%G2=0. .

GAMMA= 1,38000D Q7 Tn= L.00000D-0L JV= 1.000000 05 JG= 2.100000 00
KP= 2.160000 02 KI= 9.70000D 03 H= 6.00000D 02 K0= 5.758350 03
Kl= 1.37102D 03 K2= 1.06000D0 GO K3= 2.00000D-01
ITERATICN FREQUENCY ' AMPLITUDZ

n 0.22314055190 01 0.7713323182C-06

1 0.2291896995D Ol C.810378472450-06

2 0.23332686360 01  C.9360260647D-06

3 0.23674924000 01 C.974T466296D-06

4 0.2375837684D 0L 0.100150 89090-05

5 0.23797925870 01 0.10134590340-05

6 0.2382208495D 01 0.1C21661878D-05

7 0.23826721340 01 0.1€26021014D-05

8 0.23844971350 01 0.1C26574826N-05

9 0.2384769959D 01 0.1€279821240~05

10 0.23852289870 01 0.10283023410-05

ND= 1 FRENUENCY= 2.38548D OORAD/SEC AMPLITUDE= 1.028880D0-06 NIT= 10

LST SYSTEM-NUMERICAL SOLUTICN OF L+N*GL+N#N*GZ2=0.

GAMMA= 1.380000 07 T3= 1.000000-01 JV= 1.00000D 05 JG= 2.10000D 00
KP= 2.160000D G2 KI= 9.7¢030D 03 H= 6.00000D 02 KGO= 5,.,758350 G3
Kl= 1.37102D 03 K2= 1.,00000D QO K3= 3.000000-01 ‘
ITERATICN FREQUENCY AMPLI TUDZ

0 0.23854834610 01 0.1€288815160-05

1 0.24678013500 01 D.11650479630-05

2 0.2536€528850 Ol Cel2663483620-05

3 0.2557845090D 01 0.1292374358D~-05

4 0.25776367730 01 0.1344201029D-05

5 0.25882643090 01 0.13698989180-05

6 0.25548114380 01 0.12843215460D-05

7 0.25995488C8D 01 0.13952501810-05

8 0.2602932943D 01 0.140275837LD-05

9 0.26056533510 01 0.14103999390-05

10 0.26054242680 01 0.14254998180-05

11 . 0.26124580090 01} C.14290249370-05

12 0.26151963730 01 0.1429353498D-05

i3 0.26152382070 01 0.14301389780D-05

ND= 1 FREQUENCY= 2.61534D OORAD/SEC AMPLITUDZ= 1.43025D-06 NIT= 13

Figure 1-23b.
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LST SYSTEM-NUMERICAL SOLUTION OF 1+N¥GLl+#NMN%*N%G2=Q.

GAMMA= 1,330000 Q7 TN= 1.000000-01 JV= 1.00000D 05 JG= 2,100000 OC
KP= 2,16000D0 02 KI= 9,700000 03 H= 6.00000D0 02 KO= 5.75835D. 02
Kl= 1.371020 03 K2= 1.000000 u0 K3= 4.000000-01
ITERATION FREQUENCY AMPLY TUDE
] 0.2615338329D 01 0.1430252227D-05
1 0.27491451770 01 0.16576896760-05
2 0.271556C806D 01 0.18331919630~05
3 0.285686T70450 01 G.15921476540-05
4 0.3018124428D 01 0.22431135990-~05
5 0.32362731020 0l C.2630059273D-05
6 0.2985502150D 01 0.2252579941D-05
7 0.3176833118D 01 0.2567539012D-05
8 0.19141123C09D 01 0.4284134675D-07
9 0.2083385846D 01 0.64302884600-06
10 0.2288243203D0 01 0.53574610C8D-06
11 0.24575102290 01 0.1195439114ND-05
12 0.2599150032D 01 0.14282643080-05
13 0.271976S6170 01 0.16358287280-05
14 0.2824434339D 01 0.1E20999738D-05
15 0.2922033575D 01 0.19938006230-05
16 0.28804182890 01 0.2C71625349D~05
17 0.301537490CD 0Ol 0.2259080778D-05
18 0.3296672556D 01 0.2765230531D0-05
19 0.3005244254D 01 0.22179562590-05
20 0.32077926G70 0Ol 0.25743091210-05

ND= 1 FREQUENCY= 3,20779D0 QORAD/SEC AMPLITUDE= 2.57431D-06 NIT= 20

LST SYSTEM-NUMERICAL STOLUTION OF 1+N*GL+N&N%G2=0.

GAMMA= 1.38CCGCD 07 T= 1,000000-N1 JV= 1.0000C0D C5 JG= 2.10C0CD €O
KP= 2,160000 02 Kl= 9.70000D 03 H= 6.00000D0 02 KO= 5.75835D 03
Kl= 1.371020 03 K2= 1.00000D 00 K3= 5.000600D-01
ITERATIOIN FREOUCMCY AMPLI TUDZ
0 0.3207792607D 01 0.2574309121D-05
1 C.9630065600N 00 ~0.18201961810-05
1 9.630070-01 -1.820200-06

JHC900] EXECUTION TEPMINATING DUE TN ERROR COUNT FOR _ERROR NUMBER 261

Figure 1-23c.
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LET ZVSTEM-MUMERICAL =0LUTION OF 1+MeSi+MeMesSI=0.
GAMMA= 1. 330000 07 TO= 1.000000-01 A= 1 n000nd o5 Je= Z.1oa00D 0o
kb= Z.1s000D 02 kKI= S.700000 03 H= &.00p00D 02 o= S.7VS335D 02
Ki= 1.37103D 42 k&= S.00000D 00 3= 1.00000D0-03
ITERATION FREQIEMCY AMLITUDE
{0 0.44000000000 01 0.23200000000D-05
1 G. 4?6"OﬂJDFD n1 03732521228~ 105
2 01 U.;r.ﬂ"HEDQD—H»
2 01 Q.27 98Ced T8 2D-N5
4 01 U.JT?EerDDUD—Uf

ND= 1 FREQUEHCY= 4.271328D0 O0RAD-SEC AMPLITUDE= 3.723732%0-0& HIT= 4

v

LZT ZYSTEM-NUMERICRL Z0OLUTION OF 1+NHeGi+MefiecZ=0,

GAMMA= 1.280000 07 TO= 1.000Q0D-01 A= 1.000400D 0S Jiz= z.10000n ad
KP= 2.1&0000 02 KI= 2.7006000 02 H= & . 0000400 0g K= S,.75235D 03
Kil= 1.3Z71020 03 kg= S.000000 00 3= 1.00000D-02
ITERRATION FREGUEMCY HMPLITUDE

0 D.4323V137T2E55D 01 D.2797230715Dh-05

1 0.442344371%D0 01 u.wﬂca??ir4ln ]

) 0.42342472330 01 HERFE4 70— 05

3 0.4251626143D 01 1 Soz0Is1D- Gq

4 0. 4:nC1ﬂ53’DD ni I, 25 0ds 122250~

5 n AZ2ECE 00530 01 D.S&?ﬂ?4188?n—n‘

& 47LP"44;31D 01 0.28242250210-05

v D 422213581800 01 G.2e125222910- u=

a 0.42272e524=Dh M 0.2487 07345005

= 0L.4237145055D0 01 J.2e340272420- U“

10 Q.434 052593900 01 0.271532332422D0-05

11 0.434 08555330 01 3.3717125124D-05

£ HIT= 11

MD= 1 FRELLENCY= 4.240323D 00RAD-ZEC AMPLITULE= 2.V13220-0

Figure 1-24a.
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LET 2YSTEM-HUMERICAL SOLUTION OF 1+NeRl+NeNenI=0,

BRAMMA= 1.Z2000D OF TO= 1.000000-01 = o1.00000D 05 de= 2.100000 00
KP= g.15000D 02 El= S.700000 03 H= &.000000 0g kKi= S5.7533SD 02
Ki= 1.371020 0z Ee= S.00000D0 00 K2= 1.000000-01
ITERATION FREQLEMNCY FEMFLITLDE
0 0,424023%37410 01 0.37188227vasl-n0s
1 g.41900253321D 01 3.33533919300~-05
2 0.40443154310 01 0.2984572932D-09
3 Q37770957 5D 01 J0.2200337252D-05
4 0.2884355159D0 131 D.2SEE3TRA3ZD-05
=3 1. 35394732652D 01 U.855327078240-05
5 0.2333572151D 01 N.2EE2 N4 31520-105
7 0,33550207530 0l 0.25323411230-05
2 0.327215277100 01 0.22387e43050-05
= 022073527020 0l 0,234 332221 0-105
10 0.3220202%91=D 01 0.24110722400-05
11 Q. 2EER2s54027D 01 0.24132 12285005
12 0.22325051e2D 0t 0.344153 2SD-05%
13 0,.IRegeszeyieDd ol 2IG OIS NAE0- 05
14 0.2210 1230 01 u.h4:g aeRasn—-nNs
15 0.4472 4210 01 1.374541E146D—013
ig a.4202 33D oM 0.2434707115D-035
v n.41558 122D 01 N.212417212sD—-105
12 3, S1eD 01 C0.EVIZRITSELISD-05
19 01 N,.33354227V410—-05
= 01 D.71215424200-05

ND= 1 FREGLEMNCY= 35.450500 00RAD-ZEC AMPLITUDE= V.12135D-06 MIT= 20

LET SYSTEM-HUMERICAL ZCLUTION OF 1+MHenl+tHeNec2=0.

GAMMA= 1 . Z20000 OF TD— 1.00000D-01 V=1 .0g000D 05 dix= 2.100000 00
kKEP= 2.1e0000 02 KIl=s 9., 700000 03 H= &.0G0000n 02 Ki= S.7S5225D 032
Ki= 1.371020 02 2= S.O00000n o0 K3= 2.000000-01
ITEEATION FREQLENCY AMFLITUDE
D 0.5450z2022210 01 n.v1g 15494SDD—QH
1 0,47744974510 01 . 4°=4 11 PEESD—-
2 0. 4ZJ11‘136? 3| 0.3???8461E:D*n9
2 IE712Zn 0t N.22285197220-05
3 =ﬁ:44CRD 01 —-0,.329573292500-0e
1 2.5 -2 ,IS7240-07
b L1O00onnza1D 01 f,99333372110 00
[ n 1ao0000000D 1y O.inooooaoonn gl

MD= 1 FREQUENCY= | .00000D OORAL~-ZEC AMFLITUDE= 1.00000D 00 MIT= &

Figure 1-24b.
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LET EYETEM-HUMERICAL ZOLUTICH OF 1+HeLi+NeNezZ=0,
GAMMA= 1 .226000 O0F TO= 1.000000-01 = 1.000000 0% JF= oF.1an00n o4
kKP= a.lrnﬂun ng KI= 2.70000D G3 H= &.00000D 02 o= S5.7S835D 03
ki= 1.27102D 02 k2= S.000000 OO k2= 1.00000D-03
ITERRTION FREGUEMCY AMPLITULDE
n 0.220000000D 01 0. 1_UDDDDUUUD ng
1 D.222314315%20 01 N.l244z2282052n-05
c N.32912200540 01 D.IESEQQ"?%fD NS
3 g.32231=2=4130 101 D 12Sshan3adazh-0s
3 N.Z232224790D0 01 1h=4£DEQ=?D—US
5 0.32293260255%D 01 D.IES43?6238D—US
MD= 1  FREQUEMNCY= 2.293

51D GORADLE AMPLITUDE= 1.254920~06  MIT= S

LET fY"TEN HHMEPICHL SOLUTION OF 1+Hed1+MeNeLI=0,

GAMMA= 1 .22000D0 07 TO= 1.000G0D-01 = o1 oa0ooon 0% JE= Z2.1000GD a0
KP= 2. ltﬂﬂHD e KI= 9.700000 032 H= & 000000 02 K{= 5.75235D 02
1= 1.371020 03 ko= S.000000 06 2= 1.000000-02
ITERERTION FREGLUEMY AMFLITUDE
0 0.z229231 073320 01 0.12549239470-05
1 G.23201772175D0 101 0.126207E&&01D-05
ey D.2202434137D 01 0.1277011734D-05
3 N.3307227351D 01 D 12335532940 -05
g4 0.323156357210 0t 0.1200553530540-05
b D.321e192233D 01 0.120137V3a050-05
MD= 1

FREQLUENCY= 3.31550D O0O0RAD/ZEC AMPLITUDE= 1.30223D-06 HIT= 5

Figure 1-25a.
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LET ZYESTEM=-NUMERICRHL SDLUTIDH OF 1+HeSi+NeHeZ=0,
GRMMA= 1 .32000D 07 TO= 1.000000-01 dv= 10000 0n 0% JE= 2.100000 00
KP= Z2.1€000D 02 K= 5.ruunﬁn 0z H= & 004000 02 KO0= S.75335D (03
Ki= t.27102D 032 E2= S.0000GL On k2= 1.00000D-01
ITERATION FRERQLEMCY AMPLITUIE
] L3TISTITREED 01 0.120237INSEeD—-05
1 £ ceD 1 0.1504450=53210-05
= .24 L o1 0.167SCO35S2E8D-05
3 N.265028 "I 01 0.126234454240~05
3 N.332250 o o1 0. 2333532R2259D-05
3 0.402532% oL ot 0,.22e322R0VED~ 05
& 0.420671 =D 1 0.Z500355832580-05
v N.41532% D Gl 0.3;=35’101?n—n<
2 0.4G1027 o a0t 0.29032439720-09
3 0.255202 =D 01 N.187456S23730-0S5
10 0.264216 =D 01 G.20215125410-05
11 0.2558215 I 01 n. Jlinua’?EJD—nJ
12 0.37050032920 01 n. -1 3FSI09sD-0%
13 0.37 115392 a1 n 202 0ER5945D- 05
14 0,2736755437D 01 c21920344230-05
15 g0.32t0d 003450 01 0.2385603934D*05
15 0.3314455222D 01 0.251111&850D0-05
17 0.2 03430 a1 Q.2E85R22257S0- NS
is ﬂ JhJI IF’4UD 01 0.20513653241—-05
192 3T =0 N1 N.2178122941 D05
20 U.S?SEO“QU SDh o0l 0.22S3631425D-05
HO= 1 FREGIUIEMCY= 3.735209D OO0RRD-ZEC AMPLITULE= &.25262Ds0& NIT= &0
LST EYSTEM-MUMERICAL =0LUTION DOF 1+MHeGl+MeNeoZ=0,
GAMMA= 1 .33000D0 07 TO= 1.000000-01 A= 1.000000 43 Je= 2.1ao000n 40
KfF= 2.18000D0 o2 KI= Q.70000D 03 H= &.00oo0n 02 Kii= S.752350 03
Ki= 1.37102D 02 ko= S.00000D 00 k3= 2.000600D-01
ITERATION FFEQUEHL1 AMFPLITLDE
a "u 01 n.2852AZ14250-05
1 rl 0.32729271a94D-05
o g1 0.5 RS54 128009
e 13} D.E1SELIEEREzD—-05
4 =L nt D.SEVRE1ISEE9D-05
5 142 ni FES1IVE2031D-05
) 0.3330004715D 01 0.23157 10324005
7 0.29445227a00 1 —0,59543257527D-106
1 2.544540D 00 =SB IEAD-07
a 0333303337710 00 Q10000001250 01
2 D.1aoodaoadod o1 0.1Go00000000 01
NI= 1 FREQUEMCY= 1.000000 00RRD-SEC AMPLITUDE= NIT= 9

Figure 1-25b.
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Figure 1-26.

Region of self-sustained oscillations in the KZ - I<3 plane for the two-axis LST system.

65



FREQUENCY (rad/sec)

o K,=6.0 | 7
| Ke=170 K5 =0.00!

al— SOLUTION NO. | -
3| _
2 l— —
| — ]
o I I I | | [

0 | 2 3 4 5 6

AMPLITUDE (xIG®)

09

Figure 1-27. Regioﬁ of possible solution points for the two-axis LST system.
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